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0 An optical frequency deviation measure and control device for laser light 

© The operating point is stabilized at the MAX or the MIN of its optical frequency discriminating characteristic. 
Under the stabilized operating point, the detected difference between the average of the light intensity and a set 
value is led back to a data modulator (11) so that the average value converges on a set value when a 
preoeiermined optical frequency deviation is produced. The operating point is also stabilized at the MED of said 
characteristic. Under the stabilized operating point, a low-frequency signal component is extracted from an 
nlftrtrir signal output by means of synchronous detection. The operating point is stabilized at the MAX or the 
MIN of said characteristic. Under the stabilized operating point, a low-frequency signal component is twice in 
frequency by means of synchronous detection. In the fourth and fifth aspects, means such as synchronous 
detection is not required for the stabilization control of an operating point. 
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Background of the Invention 

The present invention relates to an optical frequency deviation, measure and control device for a laser 
^gh which ,s used ,n the fields of communication and nneasurement utilizing modulation of laser light and 

nr Z 'V T '° '^^^^^"^y '^^^^ ''9^t subjected to frequency 

or phase modulation with an rnput modulating signal. 

Description of the Related Art 

Direct optical frequency modulation of semiconductor a laser light has come into use recently for 
svTm'r'?nthi.T'nT'7HTT' "'""P'^' " communication, optical communication 

l^Znn J? TIT u °' *^^"^^'"'"9 *° ^ transmission line is produced by direct frequency 
r^odulat on of laser l.ght are being put into practice. One of the systems is a coherent optical comr^unica- 
.on system based on frequency shift keying (FSK) using coherent light. In the FSK system, data modulation 
(FSK modulation) .s performed so that the optical output frequency of a semiconductor laser is shifted to a 
f.rst op^cal frequency f1 or a second optical frequency f2 by two logic values 1 and 0 of data to be 
transmmed^ In th.s case, in order to obtain a high reception sensitivity, it is required to make the optical 
frequency deviation constant. ^^pu^ai 

The FM modulation efficiency (the variation of optical frequency per unit current of a semiconductor 
laser) vanes with ag.ng change of the bias current of a semiconductor laser itself or aging deterioration of 
an optical module containing the laser. In the case of optical frequency-division multiplex (FDM) transmis- 
sion, in particular, in which the bias of a semiconductor laser at the transmitting end is controlled for 
automatic frequency control (AFC), the FM modulation efficiency varies to a large extent as a result of a 
lo ^ bias Thus, the modulation index, i.e.. the deviation of the first and second optical frequencies 
f1 and f2 from the central optical frequency fO. will deviate from its initial set value even if the 
semiconductor laser Is modulated with an equal drive current. The deviation of the modulation index will 
considerably detenorate the reception sensitivity at the receiving end in the optical communication system 

The present invention is directed to an optical frequency deviation measure and control device for a 
laser hght which causes no . such deviation. The present invention is a.so applicable to an optical 
30 measurement system using coherent light. ^ 

The technique of performing direct optical frequency modulation on a semiconductor laser has 
appeared quite recently. There is no concept of measurement and control of the optical frequency deviation 
of a semiconductor laser. No established prior art therefor has been known yet. 

35 Summary of the Invention 

It Is an object of the present invention to provide an optical frequency deviation measure and control 
device for a laser light which is simple in construction, small in size and inexpensive 

It IS the other object of the present invention to provide an optical frequency deviation measure and 
ITT ^APr? if ^'^'^h P^^"^*t^ automatic frequency control (AFC) and automatic output 

control (APC) simultaneously at a transmitting end and also permits more than one laser to be controlled at 
the transmitting end. The device does not depend on the mark factor, needs no high-speed circuit and is 
useful for FDM transmission In particular. 

According to a first aspect of the present invention, an optical frequency deviation measure and control 
device for a laser light comprises: an interferometer responsive M output light of a semiconductor laser for 
outputting interference light depending on its optical frequency discriminating characteristic 

an optical receiver responsive to application of the interference light for converting* it to an electric 
signal, 

operating point setting means responsive to application of the electric signal for setting the operating 
point of the interferometer to correspond to an optical frequency corresponding to a maximum value or a 
minimum value of its optical frequency discriminating characteristic; and 

deviation detecting means responsive to application of the electric signal from the optical receiver for 
detecting the average value of the light intensity and feeding a component indicating the difference between 
the average value and a constant optical frequency deviation back to a data modulator 

According to a second aspect of the present invention, an optical frequency deviation measure and 
control device for a laser light comprises: an Interferometer responsive to application of output light from the 
semiconductor laser for outputting interference light depending on its optical frequency discriminating 
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operating point setting means responsive to application of an electric signal for setting the operating 
point of the interferometer to correspond to an optical frequency corresponding to the median of its optical 
frequency discriminating characteristic; and optical frequency deviation detecting means for extracting a 
low-frequency signal component of the average light output intensity of the interference light which has 
5 been low-frequency modulated beforehand under the operating point from the electric signal by means of 
synchronous detection to detect an optical frequency deviation. 

According to a third aspect of the present invention, an optical frequency deviation measure and control 
device for a laser light comprises: 

an interferometer responsive to application of output light of the semiconductor laser for outputting 
10 interference light depending on its optical frequency characteristic; 

an optical receiver responsive to application of the interference light for converting its light intensity to 
an electric signal; 

operating point setting means for extracting a low-frequency component of tine interference light which 
has been low-frequency modulated from the electric signal by means of synchronous detection to detect 
75 the operating point of the interferometer and setting the operating point to correspond to an optical 
frequency corresponding to a maximum value or a minimum value of the optical frequency discriminating 
characteristic; 

and optical frequency deviation detecting means for extracting the low-frequency signal component 
produced under the operating point from the electric signal by means of synchronous detection to detect an 
20 optical frequency deviation. 

: .According to the fourth aspect of the present invention, an optical frequency deviation measure and 
control device for a laser light comprises: 

a light interference unit responsive to laser light subjected to frequency or phase modulation based on 
input data and inserted with first polarizer for outputting interference light dependent on the optical 
25 frequency discriminating characteristic: 

a first X/4 plate and a second polarizer both responsive to reflected light from said light interference unit 
and positioned sequentially; - 

a first and second optical receivers each responsive to two types of light emitted from said second 
polarizer for converting light intensity to an electrical signal; 
30 a feedback unit for permitting the oscillating frequency of the interfering characteristic of said light 
interference unit to be fed back so that the operating point of said laser light corresponds to the optical 
frequency corresponding to the maximum or minimum value of said optical frequency discriminating 
characteristic according to the information of the difference in electrical signals between said first and 
second optical receivers; 

35 a third optical receiver, responsive to transmitted light from said light interference unit for converting the 
light intensity to an electrical signal; 

and under the stabilizing control of the operating point of said laser light by said feedback unit, 

an optical frequency deviation measure for detecting the deviation of optical frequency from an average 
value of the light intensity of said transmitted light obtained based on the electrical signal provided by said 
40 third optical receiver; and 

an optical frequency deviation stabilizer for calculating the difference between said average value and 
predetermined value and feeding the result back to the modulation factor of said laser light, 

According to the fifth aspect of the present invention, a modulation an optical frequency deviation 
measure and control unit for a laser light comprises: 
45 a light interference unit responsive to laser light subjected to frequency or phase modulation based on 
input data and inserted with a secondary x/4 plate for outputting interference light dependent on the optical 
frequency discriminating characteristic; 

a first X/4 plate and a second polarizer both responsive to reflected light from said light interference unit 
and positioned sequentially: 

50 a first and second optical receivers each responsive to two types of light emitted from said second 
polarizer for converting light Intensity to an electrical signal; 

a feedback unit for permitting the oscillation frequency of the interfering characteristic of said light 
interference unit to be fed back so that the operating point of said laser light corresponds to the optical 
frequency corresponding to the maximum or minimum value of said optical frequency discriminating 
55 characteristic according to the information of the difference in electrical signals between said first and 
second optical receivers; 

a third optical receiver responsive to transmitted light from said light interference unit; 

a third optical receiver responsive to at least one type of light from said third polarizer for converting 
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me light intensity of said light to a electrical signal; 

and under the stabilizing control of the operating point of said laser light by said feedback unit 
vaiu^nntlp ^' h?^T"''. °r '^^'^'''"^ °^ f^^q^^^^y an average 

an optrcal frequency deviation stabilizer for calculating the difference between said average value and 
predetermined value and feeding the result back to the modulation factor of said laser light 

According to above these aspects of the present invention, there is no need for wideband optical 
rece.ver and electronic Circuits. Thus, the optical frequency deviation measure and control device for a laser 
right can be nnade small in size, simple in construction and inexpensive 

In addition, as a result of the feedback to the bias or the temperature of the laser and the stabilization of 
the operating pent. APC and AFC can be performed simultaneously at the transmitting end and two o 
more semiconductor lasers at the transmitting end can be controlled. And. the dependence on mark rate 
and .ho need for h.gh-speed c.rcuits are eliminated. Further, using a signal having a steep gradient, this 
porm.is a considerable measure of the S/N ratio in the optical frequency deviation control 

M the fourth and fifth aspects of the present Invention, the stabilization of the operating point of laser 
i.Oht can b.D controlled without other controlling operation such as synchronous detection etc 

sJc'r^T^rfoT^^^^^^ °' 'T"' ^PP"""^'^ *° communication 

svsicm m an FDM method. In this case, each operating point of each laser light (central optical frequency) 

rh' r.^', TZTr ' "^^"T"^ '^"^ °' " °' ^^^^^^"^y discriminating 

rh.vart.^r ,,.rs As a result, an operat.ng point of laser light in the FDM transmission system can be 
pos.i on,-rt at oxart and equal intervals on the optical frequency axis. 

Bnol Description of the Drawings 

^ Funhor objects and advantages of the present invention will.be apparent from the following description 
of profc-red embodiments of the present invention with reference to the accompanying drawings in which- 
hig. I IS a baste block diagram of a first aspect of the present invention; 

F.q. 2 ,5 a graph of optical frequency discriminating characteristics of the optical interferometer of Rq 1- 
deviation-^ ^'^^^ ''l"strating a relationship between average value of light intensity and optical frequency 

Fig. 4 illustrates experimental data for substantiating that the graph of Fig. 3 can be obtained- 
Fig. 5 IS a basic block diagram of a second aspect of the present invention* 

F.g. 6 illustrates optical frequency discriminating characteristics of the Mach-Zehnder interferometer 
OS more speoncally. A illustrates optical frequency discriminating characteristics of two interference liqhi 
waves and B is a graph illustrating the result of subtraction of the two interference light waves* 
Fig. 7 iMustrates optical frequency discriminating characteristics of the Mach-Zehnder interferometer 
more specifically. A illustrates the characteristic when the operating point is stabilized at the central 
value. B Illustrates the characteristics when the operating point is shifted to the right, and C illustrates the 
40 charactenstics when the operating point is shifted to the left; 

Fig. 3 Illustrates variations in average light output when the operating point is shifted.. A corresponds to 
the case where Af < FSR/2, 8 corresponds to the case where = FSR/2 and C corresponds to the 
case where Af > FSR/2; 

Fig. 9 Is a graph illustrating optical frequency deviation versus synchronous detector output signal- 
's Fig. 10 IS a basis block diagram of a third aspect of the present Invention; 

Fig 11 illustrates optical frequency discriminating characteristics of the interferometer, more specifically 
A Illustrates optical frequency discriminating characteristics of two Interference light waves and B Is a 
graph illustrating the result of subtraction of the two interference light waves* 

Th^' ''.'^'^'^^f ^P^"^^^^ °^ ''9^t outputs of the interferometer when the operating point is swept under 
50 the conditions that A < B < C in magnitude of Af; 

f^eq Jency sig^na 1^822^^^'^^'"^ deviation versus synchronous detector output for a low- 

Fig. t4 is a basis block diagram of a forth aspect of the present invention; 
Fig. 15 is a basis block diagram of a fifth aspect of the present invention;' 
Fig. 16 is a block diagram of a first embodiment of the present Invention; 

Tf Rg^ie'''^'^'^^ ^''^"9^"^^"*^ °^ operating point detector and the operating point controller 

Fig. 18 is a waveform diagram for use in the operation of a low frequency oscillator; 



55 



4 



■irk. ,co 



A/to 1 .5 ^ 1 t , 



EP 0 481 242 A2 



Fig. 19A is a synchronous signal wavefornn diagram when a Mach-Zehnder interferometer is used; 

Fig. 19B is a synchronous signal waveform diagram when a Fabry-Perot interferometer is used; 

Fig. 20A illustrates the Mach-Zehnder interferometer for outputting two complementary interference light 

waves; 

5 Fig. 20B illustrates the optical frequency discriminating characteristics of the two interference light waves 
in Fig. 20A; 

Fig. 21 A illustrates the Fabry-Perot interferometer for outputting two complementary interference light 
waves; 

Fig. 21 B illustrates the optical frequency discriminating characteristics of the two interference light waves 
10 in Rg. 21 A; 

Rg. 22 illustrates another means for obtaining two complementary Interference light waves; 

Rg. 23 is a block diagram of a second embodiment of the present invention which performs automatic 

light output control as welt; 

75 
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25 present invention; 

Fig. 35 is a view for explaining the characteristics of optical frequency in the ninth embodiment: 
Fig. 36 is a block diagram of a tenth embodiment of the present invention; and 
Fig. 37 is a block diagram of a eleventh embodiment of the present invention. 

30 Description of the Preferred Embodiments 

Explanation of the principles 

Rg. 1 is a basic block diagram of a an optical frequency deviation measure and control device for a 
35 laser light according to a first aspect of the present invention. 

In Rg. 1, the forward light of a semiconductor laser 10 is transmitted to a transmission line L as light 
data Dh. A control signal may be extracted from the forward light. The light data Dh is subjected to optical 
frequency modulation (f1, f2) or phase modulation in accordance with logic levels 1 and 0 of data Din to be 
transmitted. The modulation with data Din is performed by a data modulator 11. A well-known bias circuit 12 
40 is provided for performing the modulation under the optimum drive conditions. 

Constituent elements 20, 30, 40 and 50 other than the elements 10, 11 and 12 constitute the measure 
and control device of the present invention. The measure, and control device operates in response to 
reception of output light Ho of the semiconductor laser 10. for example, its backward light. As shown, "the 
measure and control device is comprised of an interferometer 20, an optical receiver 30. an operating point 
45 setting means 40 and a frequency deviation detector 50. 

The interferometer 20 receives the output light Ho of the semiconductor laser 10 and outputs 
interference light Hi in accordance with its optical frequency discriminating characteristics. 

The optical receiver 30 receives the interference light Hi and converts its intensity to an electric signal 

EL. 

60 The operating point setting means 40 receives the electric signal EL and sets the operating point of the 

interferometer 20 in such a way that the operating point always corresponds with the maximum value or the 

minimum value of the optical frequency discriminating characteristics. 

The deviation detector 50 receives the electric signal EL output from the optical receiver 30 under the 

stabilized operating point and detects the average value of the light intensity. A difference between the 
55 average value and a set value corresponding to the fixed optical frequency deviation is fed back to the data 

modulator 11. 

The principle of the operation of the optical frequency deviation and control device for a laser light 
according to the first aspect of the present invention is based on the two following points: 
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(1) stabilizing the operating point of the interferometer to correspond with the maximum optical frequency 
or the minimum optical frequency of the optical frequency discriminating characteristics of the inter- 
ferometer; and 

(2) under the stabilized operating point, detecting the average value of the light intensity of the 
interference light Hi and feeding the average value back to the data modulator 11 so as to allow the 
average value to converge to a set value of the light intensity when a predetermined optical frequency 
deviation is produced. r- -i y 

The operations of (1) and (2) are mainly performed by the operating setting means 40 and the deviation 
detector 50, respectively. 

Fig. 2 is a graph of the optical frequency discriminating characteristic of the interferometer In the graph 
the abscissa indicates the optical frequency, he., the operating frequency of the interferometer 20 and the 
ordmate indicates the intensity P of the interference light Hi from the interferometer 20. As the inter- 
ferometer 20, any of Fabry-Perot interferometer. Michelson interferometer and Mach-Zehnder interfero- 
meter, etc.. are applicable which are all well known. The graph indicates the frequency discriminating 
characteristic observed by the Mach-Zehnder interferometer. 

In general, the optical frequency discriminating characteristic displays a sinusoidal variation of the light 
intensity with the variation of the optical frequency. The graph in Fig. 2 indicates part of the characteristic 
As shown, the light intensity assumes the maximum value MAX and the minimum value MIN The optical 
frequencies which allow the light Intensity to assume the maximum value MAX and the minimum value MIN 
are fmax and fmin. respectively. In the present invention, the operating point (the central optical frequency 
fO between the first and second optical frequencies f1 and f2) is set so as to always maintain either of the 
maximum and minimum values of the light intensity. That is, the operating frequency of the interferometer 
20 IS set to fmax or fmin. 

Now. let US consider the optical frequency deviation Af of the first and second optical frequencies f1 
and f2 from the central optical frequency fO with the operating frequency as fmax. When Af like Afin Fig 2 
IS smaller than the predetermined deviation Af. the light intensity P of the interference light Hi resulting 
from Af is greater than the predetermined light intensity P resulting from Af. Conversely when Af like Af" 
in Fig. 2. is larger than Af. the light intensity P" resulting from Af is smaller than the predetermined light 
intensity P from Af. 

in this case, both ends of Af. Af and Af correspond to the first and second frequencies f1 and f2 
Actually, each of the transitions from fl to f2 and f2 to f1 takes place along the curve of the graph of Fig 2 
Thus, It becomes possible to monitor the optical frequency deviation In terms of the average value Pav of 
the light intensity P. 

Fig. 3 is a graph illustrating average value of light intensity versus optical frequency deviation In the 
graph, a solid line indicates the relationship when the operating point is set at the maximum value MAX as 
in the above example, while the chain line Indicates the relationship when the operating point Is set as the 
minimum value MIN. In the case where the operating point is set at the maximum value MAX as in the 
above example in Fig. 2. while the optical frequency deviation Af becomes smaller (Af) or larger (Af ) the 
average value Pav of the light intensity becomes larger (Pav") or smaller (Pav'). 

Fig. 4 shows experimental data for substantiating that the graph of Fig. 3 can be obtained. In the graph 
the abscissa indicates the output voltage of a pattern pulse generator which corresponds to the modulation 
current to. a laser diode for simulating the optical frequency deviation, while the ordinate indicates the 
current flowing through a PIN diode for simulating the average value of the light intensity. In this graph the 
curve plotted by white dots corresponds to the characteristic indicated by the solid line in Fig 3 while the 
curve indicated by black dots corresponds to the characteristic indicated by the broken line in Fig' 3 

In the device of Fig. 1, the operating point setting means 40 is provided by taking account of the graph 
of Fig. 2. while the deviation detector 50 is provided by taking account of the graph of Fig. 3. The feature of 
the present invention is to use the light Intensity of the interference light Hi as a control variable and treat 
only low-frequency components of the light intensity. Thus, the measure and control device according to the 
first aspect of the present invention may be a device which is simple in constmction and operates at a very 
low frequency. , ' 

Fig. 5 is a basic block diagram of an optical frequency deviation measure and control device for a laser 
light according to a second aspect of the present invention. 

In the figure, a semiconductor laser 110 outputs output light HIO having its optical frequency shifted to 
a first optical frequency fl and a second optical frequency f2 in accordance with logic levels 1 and 0 of a 
high-rate modulating signal. That is. the output light of the semiconductor laser is subjected to frequencv- 
shlft keying. ^ ' 

The optical frequency deviation measure and control device for a laser light according to the second 
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aspect of the present invention operates in response to reception of FSK modulated output light HiO from 
the semiconductor laser 110 and, as shown, comprises an interferometer 120, an optical receiver 130, an 
operating point setting means 140 and an optical frequency deviation detector 150. 

The interferometer 120 is responsive to the output light HlO of the semiconductor laser 110 to output 
5 interference light Hii depending on its optical frequency discriminating characteristics. 

The optical receiver 130 receives the interference light HIT and converts its light intensity to an electric 
signalELIO. 

The operating point setting means 140 receives the electric signal ELlO and sets the operating point of 
the interferometer 120 so that it corresponds to the optical frequency corresponding to the value which is 
70 - midway between the nriaximum value and the minimum value of the optical frequency discriminating 
characteristic. 

The optical frequency deviation detector 150 extracts a low frequency signal component of the average 
light output intensity of the interference light Hii which has been modulated with a low frequency in 
advance under the operating point from the electric signal ELIO by means of synchronous detection and 
75 detects an optical frequency deviation. 

The principle of the operation of the optical frequency deviation measure and control device for a laser 
light according to the second aspect of the present invention is based on the two following points: 

(1) stabilizing the operating point of the interferometer 120 at the optical frequency corresponding to the 
value which is the median value between the maximum value and the minimum value of its optical 
20 frequency discriminating characteristic; and 

: (2) under the stabilized operating point, extracting a low-frequency signal component of the average light 
output intensity of the interference light Hii which is output modulated with a low frequency in advance 
from the interferometer by means of synchronous detection of the electric signal ELIO from the optical 
receiver 1 30 with a low frequency signal and detecting an . optical frequency deviation from the 
25 synchronous-detected output signal. 

• The operations (1) and (2) are mainly performed by the operating point setting means 140 and the 
optical frequency deviation detector 150, respectively, as will be described below in more detail. 
Rrst, of the operating point will be described. 

Rg. 6A is a graph Illustrating the optical frequency discriminating characteristic of the interferometer 
30 120. In the graph, the abscissa indicates the operating frequency of the interferometer and the ordinate 
indicates the light intensity P of.^he interference light Hii from the interferometer 120. The interference light 
Hii contains two components Hlia and Hlib which are complementary to each other. In Fig. 6A, the solid 
curve indicates the optical frequency discriminating characteristic of the interference light connponent Hlia 
and chain line indicates the same characteristic of the interference light component Hlib. As the inter- 
35 ferometer 120 in the device according to the second aspect, any of the Fabry-Perot interferometer, the 
Michelson interferometer, the Mach-Zehnder interferometer, etc. are applicable, which are all well known. 
The graph of Fig. 6 A indicates the optical frequency discriminating characteristic of the Mach-Zehnder 
interferometer. 

As shown, the light intensity assumes the maximum value MAX and the minimum value MIN. The 
40 Optical frequency producing the maximum value MAX is fmax, while the optical frequency producing the 
minimum value MIN is fnriin. In the present invention, the operating point (the central optical frequency fO 
between the first and second optical frequencies f1 and f2) is set to correspond to the median value MED 
(frequency fmed) of the maximum and minimum values at all times. 

The addition of the two interference light components Hlia and Hlib, which are complementary to each 
45 Other, will produce a flat output as indicated by a chain line in Rg. 6 A. The flat output is proportional to the 
light output of the semiconductor laser 110. On the other other hand, the subtraction of the two 
complementary components Hlia and Hlib will double the amplitude as shown in Fig. 6B and the resultant 
output crosses the zero point at the median value MED, i.e., the operating point. Thus, by controlling the 
bias or temperature of the semiconductor laser 110 or the interferometer 120 so that the signal resulting 
50 from the subtraction of the complementary interference light components Hlia and Hlib becomes zero at all 
times, the operating point is allowed to stay at the median value MED of the optical frequency dis- 
criminating characteristic. 

Next, the detection of the optical frequency deviation will be described. 

It is supposed here for the purpose of simplifying description that the output light HlO of the 
55 semiconductor laser 110 has been subjected to ideal FSK modulation of a mark rate of 1/2. The mark rate 
refers to the ratio between Is and Os in a modulating signal. If a 1 and a 0 each occur at equal probability, 
then the mark rate will be 1/2. If the ratio between Is and Os is 1 to 3, then the mark rate will be 1/4. The 
ideal FSK modulation means that the transition time between the first optical frequency f1 and the second 
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optical frequency f2 is infinitesimal. 

.^.r? °Pe^«i"9 point !s stabilized at the median value MED of the optical frequency discriminatino 
charactenstic as descr.bed above. This state is shown in Fig. 7A. For convenience, the opticl Zuencv 
dev,a^on Af ,s set such as Af = FSR/2. Hare, FSR refers to the optical frequency difference bXeen 

ra 00 Ih'eThro 'T' H ^-criminating chaL.arrstic in a f"e spectra" 

range. The light output ,s vaned with a low-frequency, signal with the operating point stabilized ^rthJ 
median value MED. ,,, as shown in Rg. 7B, the operating point shifts to the rfgm elch o the ootical 
frequencies f1 and f2 will also shift to the right. Consequently, the light output P1 at the oSa" r^quencv fl 
increases, while the optical output P2 a. «,e optical frequency f2 decreases. If, as showrfn F^ 7C the 
Consl"' 7V TV° °' <^^'^"-"0ies f1 and f2 will alo s m .o' the lift 

Consequently, the light output P, at the optical frequency f1 increases, while the optical outpurprat the 
optical frequency f2 decreases. The variations in the optical outputs PI and P2 are observed as var^tions in 
2mZ7l T ° '^^ 120. Here, a variation occurs in the p a ^ and 

= rZl l l T'?. ^''^'^^^ "3'^' ""'P"' fr""' interferometer 120. depending , on ^he 

5 magnitude of the optical frequency deviation Af (= fi- t2), which will be described below 

.K,ZTJt ^^Z^l""^ case where Af is smaller than FSR/2. In the figure, when the operating point is 
Shifted to the nght by a low-frequency signal SI, the optical frequencies f1 and f2 shift to the right so ml^ 

as rovi'n ofccr — output WwrvTr: 

Fig. 8B Shows the case where Af = FSR/2. In this case, since f1 and f2 shift on a complementary basis 

• a houohthro"olt''' •■ T '"h""'"' °' '^a*^' -'P^' ^'l-' »° each oth^Thu 

a»hough the operating point ,s changed with a low-frequency signal 81. there is no variation in the averaqe 
light output intensity as shown at the right of Fig. 8B. average 

h„ /i^' ^"""^ '"^ case where Af > FSR/2. In the figure, when the operating point is shifted to the riaht 
by a low-frequency signal SI. the optical frequencies f1 and f2 shift to the right so that theTght outputTa 
'.n^ i ^Tri^r. Shifted to the left, on the other hand, .hi optical^eqTnd^ 

nrens , 1^ '° ''^ ''3'' ""'""'^ ^' " ^"^ '2 increase. Thus, the averar^ ght W 

intens^y will vary as shown at the right of the figure. The variation in the average light outp^ intensltv hi 
Fig. 8C in which Af > FSR/2 is opposite in phase to that in Hg. 8A in which Af < FSwl 
^rr-^H-^^Tt^'^ •''^ ^'"P""^'^.^ ^"-^ Pf'^se of the variation in the average light output intensity varv 

Lh^n T T TT''\°' "P"""' ''"''"""'^y conversion of me average 

light output intensity from the interferometer 120 to an electric signal in the optical receiver 130 and *e 
synchronous detection of the electric signal with the low-frequency signal SI permit the magnitude of To 
optical frequency deviation Af to be obtained. a p o niaynuuae or me 

Fig 9 shows optical frequency deviation Af versus synchronous detection output signal of the averaae 

ifor^'droen^H'''- ^ ""^ °^ signal indlcLd by a ch3 

IS output depending on the phase of a reference signal for synchronous detection indlcatliq which of 
positive and negative slopes of the optical frequency discriminating characteristc curve thToper'atng poin 
Of thl nntv^M' T" °' detection output signal from zero represents the deviation 

zLo Thelhl TfT"'' -r"""" ^' = the synchronous detection sS°s 

7J^'Jn^T\f^ synchronous detection output signal is measured, the value of the optical frequency 

fix de"la " P"^^''"^ '° ~ op" al 

Fio 6 Tndtf nn^^L?/ ^' ""^ ^^"'"^ ^'^ P^°^'d«d '^"^i^S account of the graph of 

ThP It^l Z T ""^"^^ "^^'^""^ P^°^"^^d *aking account of the graph of Fig 9 

Lrial and LnH, 7'"!'°" *° ''^ '"'^"^''V °' "^^ interference light HI i 'as a control 
ronfrni H ''^"'"^ a low-frequency component of the light intensity. Therefore, the measure and 
control device according to the second aspect of the present invention may be a device which is sirpleln 
construction and operates at a very low frequency. P " 

laserlfohf^rrr.fn n^i^ block diagram of an optical frequency deviation measure and control device for a 
laser light according to a third aspect of the present invention 

a firll nnrJ'^iT' ^ 21° Outputs output light H20 having its optical frequency shifted to 

The measure and control device according to the third aspect of the present invention ooerates in 
response to the FSK modulated output light H20 from the semiconductor laser 210 and as shown 
composes an interferometer 220. an optical receiver 230, an operating point setting means 240 and an 
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optical frequency deviation detector 250. 

The interferonneter 220 Is responsive to the outpux light H20 of the semiconductor laser 210 to output 
interference light H2i depending on its optical frequency discriminating characteristics. 

The optical receiver 230 receives the interference light H2i and converts its light intensity to an electric 
5 signal EL20. 

The operating point setting means 240 detects the operating point of the interferometer 220 by 
extracting fi-om the electric signal EL20 a low-frequency signal of the Interference signal H2t which has been 
low-frequency modulated by means of synchronous detection and sets the operating point of the inter- 
ferometer 220 so that it corresponds to the optical frequency corresponding to the maximum value or 
70 minimum value of the optical frequency discriminating characteristic. 

The optical frequency deviation detector 250 extracts a low frequency signal component produced 
under the operating point from the electric signal EL20 by means of synchronous detection and detects an 
optical frequency deviation. 

The principle of the operation of the an optical frequency deviation measure and control device for a 
J5 laser light according to the third aspect of the present Invention is based on the two following points: 

(1) stabilizing the operating point of the interferometer 220 at the optical frequency corresponding to the 
maximum or minimum value of the optical frequency discriminating characteristic of the Interferometer 
220; and 

(2) under the stabilized operating point, extracting a low-frequency signal component S22 which is twice 
20 a low-frequency signal S21 or the average light output intensity of the interference light H2I which is 

-. output, modulated with a low frequency In advance, from the Interferometer 220 by means of synchro- 
nous detection of the electric signal EL20 from the optical receiver 230 and detecting an optical 
frequency deviation from the synchronous-detected output signal. 
The operations (1) and (2) are mainly performed by the operating point setting means 240 and the 
25 optical frequency deviation detector 250, respectively, as will be described below in more detail. 
First, the setting of the operating point will be described. 

Fig. 11A is a graph illustrating the optical frequency discriminating characteristic of the interferometer 
220. In the graph, the abscissa indicates the optical frequency input to the interferometer 220 and the 
ordinate indicates the light intensity P of the interference light H2i from the interferometer 220. The 

30 interference light H2i contains two complementary components H2ia and H2ib. In Rg. 11 A. the solid line 
indicates the optical frequency discriminating characteristic of the interference light component H2ia and the 
chain line indicates the like characteristic of the interference light component H2ib. As the interferometer 
220, any of the Fabry-Perot interferometer, the MIchelson interferometer, the Mach-Zehnder interferometer, 
etc. are applicable, which are all well known. The graph of Fig. 11 A indicates the optical frequency 

35 discriminating characteristic of the Mach-Zehnder interferometer. 

As shown, the light intensity assumes the maximum value MAX and the minimum value MIN. The 
optical frequency producing the maximum value MAX is fmax, while the optical frequency producing the 
minimum value MIN is fmin. In the present invention, the operating point (the optical frequency fO which is 
median value between the first and second optical frequencies f1 and f2) is set to correspond to either the 

40 maximum value or the minimum value. 

The addition of the two interference light components H2ia and H2ib, which are complementary to each 
other, will produce a flat outjDut as Indicated by a chain line inJHg. 11 A. The fiat output is proportional to the 
light output of the semiconductor laser 210. On the other hand, the subtraction of the two complementary 
Interference components H2ia and H2ib will double the amplitude of the output as shown by a solid line in 

45 Fig. 11 B. A signal resulting from synchronous detection of the subtraction signal with the low-frequency 
signal S21, which has been superimposed on the bias of the semiconductor laser 210 or the interferometer 
220. is equivalent to a waveform which is obtained by differentiating the subtraction signal, or a waveform 
indicated by a chain line in Rg. 11B. Thus, the synchronous detection signal becomes zero at the maximum 
value MAX and the minimum value MIN. Therefore, by controlling the synchronous detection signal to follow 

50 the zero point at all times, the operating point can be set to correspond to the maximum value MAX or the 
minimum value MIN of the optical frequency discriminating characteristic. 
The detection of the optical frequency deviation will be described next. 

Rg. 12 A, B, C Illustrate spectra of light outputs of the interferometer 220 when an FSK modulated light 
signal is received and the operating point is swept. In this case, the Mach-Zehnder interferometer is used. 
55 As the optical frequency deviation &$f (modulation index) becomes greater, the spectrum of modulated light 
signal becomes wider. Thus, the coherence of light becomes worse, and the spectrum of light output from 
the Interferometer 220 broadens as shown in Fig 12. In Rg. 12, the magnitude of the optical frequency 
deviation Af becomes greater in the order A, B, and C and the spectral waveforms of the average light 
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outputs become gentler accordingly. 

The synchronous detection of the light output by the low-frequency signal S21 permits the operating 
point to be stabilized at the maximum value MAX or the minimum value MIN of the spectrum at all times. 
When the operating point is stabilized at the maximum value MAX, the average light output from the 

5 interferometer 220 is observed as a deformed waveform of the low-frequency signal S21 as shown in the 
center of Fig. 12A, B, C. When the operating point is present at the maximum value MAX, the the low- 
frequency signal component S21 becomes minimum. Instead, the low-frequency signal component S22, 
whose frequency is twice that of the low-frequency component S21, Is produced most strongly, The 
amplitude of the low-frequency signal component S22 represents the gradient of the shoulder of the 

w spectrum. Since the gradient varies with the magnitude of Af as shown in Fig. 12A, B, C, the amplitude of 
the low-frequency signal S22 corresponds to Af. 

Fig. 13 shows a relationship between a signal after synchronous detection by the low-frequency signal 
S22 which Is twice the low-frequency signal S21 in frequency and the optical frequency deviation Af. A 
value of Af is measured on the basis of the graph. That is, by detecting the low-frequency signal 

75 component S22 indicating variations in the average light output intensity of the interference light H2i, which 
is produced under the stabilized operating point, with the low-frequency signal S22 and making a 
comparison between the detected signal and a set value of the synchronous detection output signal which 
produces a predetermined optical frequency deviation Af, Af can be detected. The feedback to the data 
modulator so that the set value of the detection signal will be reached will make stabilization of the optical 

20 frequency deviation (modulation index) possible. 

In the. device of Fig. 10, the operating point setting means 240 is provided taking note of the graph of 
Fig. 11 and the optical frequency deviation detector 250 is provided taking note of the graph of Fig. 13. The 
feature of the present invention is to use the light intensity of the interference light H21 as a control variable 
and handle only a low-frequency component of the light intensity. Therefore, the device for measuring and 

25 controlling the optica! frequency deviation of the semiconductor laser according to the third aspect of the 
present invention may be a device which is simple in construction and operates at a very low frequency. 

In the above described first to third aspects, the stabilization of an operating point of laser light is 
controlled by synchronous detection, etc. through a synchronous detecting circuit On the other hand, in the 
fourth and fifth aspects, controlling operation such as synchronous detection, etc. is not required for the 

30 stabilization control of an operating point. 

Figure 1 4 is a basis block diagranrv of a fourth aspect of the present invention. 

In Figure 14, laser light H30 is a backward light outputted by a semiconductor laser 319. Fon/vard light 
outputted by the semiconductor laser 319 is applied to the transmission line (not shown in Figure 14) as 
optical data. Then, the optical frequency of the laser light H30, is subjected to frequency or phase 
35 modulation into either a first or a second optical frequency with the predetermined central optical frequency 
(operating point) based on the drive current provided by a data modulator 320 according to the two logic 
values 0 and 1 . 

A light interference unit 304 responsive to the laser light H30 emits interference light depending to the 
optical frequency discriminating characteristics. The light interference unit 304 comprises a first polarizer 
40 303 inserted therein. 

Then, a first X/4 plate 306 and a second polarizer 307 for accepting light HB1 reflected from the light 
interference unit 304 through a half mirror 321 are sequentially positioned. 

A first optical receiver 312 and a second optical receiver 313 receive two types of light HB3 and HB3 
respectively and convert the light intensity of each type of light to an electrical signal EL31 and EL32 
45 respectively. 

Then, a feedback unit 314 feeds back the oscillating frequency of the laser light H30 or the interference 
characteristics of the light interference unit 304 according to the information indicating the phase difference 
between two orthogonal directional components of the laser light H30 obtained from the difference 
components between the electrical signals EL31 and EL32 from the first and second optical receivers 312 

50 and 313 so that the operating point of the laser light H30 corresponds to the optical frequency correspond- 
ing to the maximum or minimum value of the optical frequency discriminating characteristics. Namely, the 
feedback unit 314 feeds back, according to the signal obtained by subtracting the electrical signal EL32 
from the electrical signal EL31, the bias or the temperature of the semiconductor laser 319 or of the light 
interference unit 304 that outputs the laser light H30. 

55 On the other hand, a third optical receiver 317 receives transmitted light H31 from the light interference 
unit 304 and converts its light Intensity to an electrical signal EL33. 

Under the stabilization control on the operating point of the laser light H30 by the feedback unit 314, an 
optical frequency deviation stabilizer 318 calculates the difference between the average value of the light 
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intensity of the transmitted light H31 obtained by the electrical signal EL33 from the third optical receiver 
317 and the predetermined value, and then feeds back the difference to the modulation factor of the laser 
light H30. For example, the difference is fed back to a data modulator 320 for performing modulation 
according to input data Din. 

5 Rgure t5 is a basis block diagram of a fifth aspect of the present invention. 

The fifth aspect shown in Rgure 15 is different from the fourth aspect shown in Figure 14 in that not a 
polarizer but a second X/4 plate 401 is inserted into a light interference unit 402 and a third polarizer 403 is 
inserted to between the light interference unit 402 and the third optical receiver 317. 

The fourth and fifth aspects respectively shown in Figures 14 and 15 can be, like other aspects of the 

10 present invention, applicable to the FDM transmission system. In this case, each of light interference units 
304 and 402. polarizers 303. 307, and 403, and X/4 plates 306, and 401 operates with a plurality of the laser 
lights H30 each having a different operating point The corresponding number of optical receivers 312. 313, 
and 317 to the number of laser lights H30 are parallelly positioned for receiving HB3, HB3', and H31 (H32) 
respectively. Tho feedback unit 314 and the optical frequency deviation stabilizer 318 shown in Figures 14 

75 and 15 respectively perform parallel or time divisional operation for each laser light H30. Specifically in this 
case, the feedback unit 314 causes an operating point of each laser light H30 to correspond to any of 
optical frequency corresponding to a plurality of maximum or minimum values of one optical frequency 
discriminating characteristic of the light interference unit 304. Then, the frequency of each laser' light H30 
can be automatically controlled by feeding back the bias or temperature in each laser 319 outputting each 

20 laser light H30 

.In the fmirth and fifth aspects respectively shown in Figures 14 and 15, an automatic light output 
controller can hfi provided for feeding back the oscillation output of the laser light H30 according to the 
electrical signal EL33 from a part of the laser light H30 or the third optical receiver 317 so that the 
oscillation output of the laser light H30 can be stabilized to a predetermined value. 
25 The operational principle of the fourth and fifth aspects of the measure and control device for a laser 
light as configured above is generally identical with the first aspect of the present invention and summarized 
as follows: - 

1) An operating point of laser light must be stabilized to the optical frequency corresponding to the 
maximum or minimum value of the optical frequency discriminating characteristics In the light interfer- 

30 ence unit. 

2) Under the stabilized operating point, an average value of the interference light intensity must be 
detected and measured, and the modulation factor of the laser light must be fed back so that the 
average value can be converged towards the set value for the light intensity when a predetermined 
deviation of optical frequency is produced. 

35 That is. the present invention adopts the principle that an average value of light intensity and the optical 
frequency deviation have a specific function relation to each other when an operating point of laser light 
(central optical frequency) corresponds to the optical frequency corresponding to the maximum or minimum 
value of the optical frequency discriminating characteristics of the light interference unit. 

As described above, in the fourth and fifth aspects respectively shown in Figures 14 and 15, 

40 stabilization control on an operating point of laser light can be performed, as a pre-process for stabilizing 
the optical frequency deviation of laser light, without additional controlling operation such as synchronous 
detection, etc. as described in the first to thii^d aspects of the present invention. 

That is, as shown in Figures 14 and 15, the first X/4 plate 306 and the second polarizer 307 are used 
with each of main axis slanted at predetermined degrees. Then, the information indicafing the phase 

45 difference between two orthogonal polarization components of the laser light HBI can be obtained in a 
format comprising an item "sin {i#> indicates phase difference) as a difference signal between the 
electrical signal EL31 of the first optical receiver 312 and the electrical signal EL32 of the second optical 
receiver 313. Using such information of a phase difference, the maximunn or minimum point in the optical 
frequency discriminating characteristics may correspond to the zero point (indicating that the amplitude is 

50 zero) of the above described difference signal. 

Based on the fact above, an operating point can be controlled such that an operating point in the laser 
light H30 constantly corresponds to the optical frequency corresponding to the maximum and minimum 
value of the optical frequency discriminating characteristics of the light interference unit 304 using the 
feedback unit 314 for feeding back the bias or the temperature of the laser 309 or the light interference unit 

55 304 according to the above described difference signal, etc.. 

The difference between the fourth and fifth aspects respectively shown in Figures 14 and 15 resides in 
that the lock-in-range of an operating point of the laser light H30 can be larger in the fifth aspect than in the 
fourth aspect. 

11 
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The fourth and fifth aspects of the present invention dercribed above can be applicable to the optical 
communication systems in the optical frequency-division multiplex (FDM) transmission method. Specifically 
in this case, as the feedback control operation in the operating point stabilization control is performed on the 
oscillation frequency of laser light, each operating point of each laser light (central optical frequency) is set 
•5 on a plurality of maximum or minimum values respectively in one of the optical frequency discriminating 
characteristics of a tight interference unit. Thus, automatic frequency control (AFC) of each laser light can 
be performed simultaneously. The interval of the optical frequency between the adjacent maximum and 
minimum values of one of the optical frequency discriminating characteristics is a fixed value. Therefore, as 
a result of the simultaneous execution of above described automatic frequency control, operating points of 
70 respective laser light in the FDM transmission system can be arranged at equal intervals on the optical 
frequency axis. 

Fig. 16 is a block diagram of a first embodiment of the present invention. Hereinafter, like parts are 
shown by corresponding reference characters throughout all the views of the drawings. The present 
embodiment shows a specific form of each of the operating setting points 40 (Fig. 1) and the deviation 

;5 detecting means 50 (Fig. 1). First, the operating setting means 40 comprises an operating point detector 41 
and an operating point controller 42. 

I."; order to vary an oscillation frequency at the operating point in the optical frequency discriminating 
characteristic, the operating point detector 41 controls the oscillation frequency of the semiconductor laser 
1 0 or the interference characteristic of the interferometer 20 by way of a control line Ll . The operating point 

20 controller 42 receives an electric signal EL which varies from the optical receiver 30 with varying operating 
point and. shifts the operating frequency according to the result of the reception so that the operating 
frequency converges to the maximum value MAX or the minimum value MIN. To shift the operating point, 
the osciliation frequency of the semiconductor laser 10 or the interference characteristic of the .inter- 
ferometer 21 is controlled through a control line L2. 

25 The deviation detecting means 50 comprises a comparator 51 . The comparator receives a direct current 
component of the electric signal at its first input terminal and a predetermined set voltage VI at its second 
input terminal. The output of the comparator is fed to the data modulator 11. The set voltage VI 
corresponds to VI in the graph of Fig. 3. The optical frequency deviation Af corresponding to VI is to be 
held constant. 

30 Fig. 17 illustrates a specific arrangement of each of the operating point detector and the operating point 
controller of Fig. 16. The operating point detector 41 (Fig. 16) consists merely of a low-frequency oscillator 
43 which varies the oscillation frequency of the semiconductor laser 10 or the interference characteristic of 
the interferometer 20 at a low frequency. The low frequency means that it is low in comparison with the 
frequency of a data transmission speed, and it is, for example, 100 Hz. 

35 On the other hand, the operating point controller 42 (Fig. 16) consists merely of a synchronous detector 
44. The synchronous detector is responsive to the electric signal EL from the optical receiver 44 and the 
oscillator output of the low-frequency oscillator 43 to perform synchronous detection on the electric signal 
and extract a signal component synchronized with the oscillator output. Further, the synchronous detector 
controls the bias of the semiconductor laser 10 or the interferometer 20 via the control line L2 using the 

40 extracted signal component applied thereto. 

It is easy to vary the interference characteristic. of the interferorrieter at a low frequency and the bias of 
the interferometer. Basically, the length of the resonator of the interferometer and the delay tinhe difference 
have only to be varied. Specifically, there are known the following methods of utilizing: 
(1 ) the photoelastic effect; 

45 (2) the electro-optical effect; 

(3) mechanical external force; and 

(4) the thermal optical effect. 

The oscillation frequency of the semiconductor laser 10 can be varied by controlling its drive current. 
The bias of the semiconductor laser can be varied by controlling the bias circuit 12. 

50 Here an additional explanation will be made of the operation of the low-frequency oscillator 43 and the 
synchronous detector 44. ■ 

Fig. 18 is a waveform diagram for use in explanation of the operation of the low-frequency oscillator. 
The figure particularly shows an example where the output of the low-frequency oscillator is superimposed 
on the drive current of the semiconductor laser. The drive current is indicated by Ip. By varying the drive 

55 current Ip to have two values, the frequency of the output light Ho of the semiconductor laser 10 is shifted 
to the first optical frequency f1 and the second optical frequency f2 with the frequency fO centered. When, 
in this state, the output of the low-frequency oscillator 43 is superimposed, the drive current winds with the 
oscillator frequency f1 like a wave as shown. The electric signal EL containing the low-frequency component 
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is subjected to synchronous detection in the synchronous detector 44 responsive to the output of the 
oscillator 43. 

Hg. 19A is a waveform diagram of a synchronous detection signal when the Mach-Zehnder inter- 
ferometer is used, while Fig. 19B is a like waveform diagram when the Fabry-Perot interferometer is used. 
5 For the purpose of better understanding, the corresponding optical frequency discriminating characteristic is 
shown at the top of each of the synchronous detection signal waveform diagrams. These optical frequency 
discriminating characteristics correspond to the graph of Fig. 2. 

The signal resulting from the synchronous detection is equivalent to a waveform obtained by differen- 
tiating the optical frequency discriminating characteristic as described in connection with Fig. 11 B. Thus, the 
10 synchronous detection signal becomes zero at the maximum value K/IAX and the minimum value MiN in the 
optical frequency discriminating characteristic. For this reason, if the zero point of the synchronous 
detection signal is always followed, the operating point will continue to be set at the maximum value MAX or 
the minimum value MIN. 

The above description was made in connection with control for keeping the optical frequency deviation 
constant. The automatic frequency control (AFC) may be performed at the same time. This is realized by 
feeding the output of the synchronous detector 44 back only to the semiconductor laser 10 in Fig. 17, so 
that the center optical frequency fO is maintained at a desired constant value. 

Furthermore, the automatic light output control (APC) can be performed at the same time. To realize the 
APC. however, there is a need for an interferometer which splits the output light HO of the semiconductor 
?^ laser 10 into two complementary interference light components (Hia, Hib). In this case, two optical receivers 
:iP> arfi needed to receive the two complementary interference light components. The two optical 
roroivnrs will be described later. 

Fig. 20 A illustrates the Mach-Zehnder interferometer which outputs two complementary interference 
lig'nt components and Rg. 208 illustrates the optical frequency discriminating characteristics of the two 
.r* interference light components. In Rg. 20A. M designates half mirrors and M' designates mirrors. A 
predetermined difference in length is produced between two light paths to thereby produce two com- 
plementary interference light components Hia and Hib. The two complementary interference light compo- 
nents Hia and Hib have such optical frequency discriminating characteristics as shown in Rg. 20B. 
The same analysis car, be applied to the Fabry-Perot interferometer. 
30 Fig. 21 A illustrates the Fabry-Perot interferometer which outputs two complementary interference light 
components and Fig. 21 B illustrates the optical frequency discriminating characteristics of the two interfer- 
ence light components. In fig. 21 A, the interference light Hia is transmitted light, while the interference light 
Hib is reflected light. It is so as not to return the reflected light Hib to the semiconductor laser 10 that the 
Fabry-Perot interferometer FP is slanted with respect to the optical axis of the output light Ho. Note that 
3'3 there are other means for obtaining two complementary interference light components. 

Rg. 22 illustrates another means for obtaining two complementary interference light components. 
According to this means, a first polarizer PLl and a second polarizer PLO are provided at the input and 
output sides of a double-refraction crystal CR, respectively, and two complementary interference light 
components Hia and Hib are obtained from the output light Ho. 
40 Hereinafter, a description will be made of an optical frequency deviation measure and control device for 
a laser light using the two complerrientary interference light components Hia and Hib which are obtained in 
. the manner described above. 

Rg. 23 is a block diagram of measure and control device according to a second embodiment of the 
present invention, which incorporates interferometer 21 (refer to Figs. 20A, 21 A and 22) which outputs two 
4b complementary interference light components Hia and Hib and two optical receivers 31 and 32 for receiving 
the two interference light components. Electric signals EL1 and EL2 output from the optical receivers 31 
and 32 are added together in an adder 47 to produce their sum signal. The sum signal is fed back to the 
semiconductor laser 10. so that the light output of the semiconductor laser 10 can be kept constant at all 
times. In practice, voltage signals corresponding to the electric signals ELI and EL2 are added together. For 
50 the addition of voltages, voltage detecting resistors 45' and 46' and an instrument amplifiers 45 and 46 are 
provided. 

The reason why the APC can be performed by the output of the adder 47 will be made clear by 
referring to Rg. 20B. The addition of the two interference light components Hia and Hib, which are 
complementary to each together, will produce a flat output as indicated by a chain line in Fig. 20B. That is, 
55 the addition ol the electric signal ELI and EL2 in the adder 47 produces a flat output signal. If the feedback 
is made to the semiconductor laser 10 so that the level of the flat output signal will remain constant at all 
times, the APC will be realized. In Rg. 23, an APC control circuit 48 detects a deviation in the output of the 
adder 47 from a preset value V2 for feedback to the semiconductor laser 1 0. 
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In this case, as the input to the synchronous detector 44, the output of the measurement amplifier 45 or 
46 is used. 

In the arrangement of Fig. 23, a difference signal of the electric signals ELI and EL2 is used as the 
input to the optical frequency deviation detecting means 50. The difference signal of the electric signals EL1 
5 and EL2 is equivalent to addition of the broken curve to the solid curve with the former reversed in polarity 
in Fig. 3. Thus, such a signal having a greater rate of variation as shown by a dash-dotted line in Fig. 3 is 
obtained. In other words, it becomes possible to control the optical frequency deviation with a signal having 
a steep gradient. This increases the S/N ratio in the control of the optical frequency deviation. 

In Fig. 3, if adjustment is made so that the optical frequency deviation at the intersection X of the solid 
70 curve . (corresponding to Hia) and the broken curve (corresponding to Hib) becomes a desired optical 
frequency deviation, it will be obtained when the difference signal of the electric signals ELI and EL2 
become zero. That is, the deviation detecting means 50 has only to provide feedback to the data modulator 
11 so that the difference signal of ELI and EL2 always converges towards zero. 

It Is easy to adjust the laser light properly so that the desired optical frequency deviation can be 
75 obtained- The adjustment Is realized easily by changing the free spectral range (FSR), changing the finess 
of the interferometer 21 and changing the relative amplification factor of the optical receivers 31 and 32, the 
optical coupling rate, the quantum efficiency, etc. The arrangement of Rg. 23 can be modified as shown in 
Fig. 24. In this case, the above adjustment can also be made by changing the relative amplification factor of 
the measurement amplifiers 45 and 46. 
20 Fig. 24 illustrates a modification of means for taking the difference signal in the embodiment of Fig. 23. 
In this modification, the difference signal of ELI and EL2 is obtained from a subtracter 52. 

Figure 25 is a block diagram of a third embodiment of the present invention. 

The embodiment is applicable to an optical frequency-division multiplex (FDM) transmission system, 
that is. an optical communication system for processing central optical frequency simultaneously in a single 

25 optical fiber to multiplex and transmit information of a plurality of lines. 

A senni conductor laser 15. a data modulator 16; a bias unit 17, an interferometer 22. and an optical 
receiver 33 shown in fig. 25 correspond to 10, 11. 12, 20, and 30 of the first embodiment shown in Figures 
16 and 17. An operating point stabilizer 49 shown in Rgure 25 corresponds to the low frequency oscillator 
43 and synchronous detecting circuit 44 shown in Figure 17, while an optical frequency deviation stabilizer 

30 54 shown in Figure 25 corresponds to the comparator 51 shown in Figure 16. 

The third embodiment shown in Figure 25 is different from the first embodiment shown in Rgures 16 
and 17 in the point that the FDM transmission system requires a plurality of central optical frequency, while 
each of the semiconductor laser 15, data modulator 16, bias unit 17, optical receiver 33, operating point 
stabilizer 49. and the optical frequency deviation stabilizer 54 comprises a plurality #1 - #n of units, thereby 

35 realizing multiplexed transmission of transmission data Din of a plurality #1 - #n of lines. The light 
interference means 22 comprises, in this embodiment, a Fabry-Perot interferometer. Each of #1 - #n 
backward light Ho provided by each of #1 - #n semiconductor laser is spatially divided by n optical fiber 
and led by one unit of Fabry-Perot interferometer 22, while each of interference light Hi is spatially divided 
by n optical fiber and led by n optical receivers 33. 

40 The stabilizing operation of an operating point and optical frequency deviation by a semiconductor laser 
15 in each of n part in #1 - .#n sets shown in Figure 2.5 are basically the same as the first embodiment 
shown in Figures 16 and 17. . , 

However, in this embodiment, the output of each of the operating point stabilizer 49 (corresponds to the 
low frequency oscillator 43 and synchronous detecting circuit 44 of the first embodiment shown in Figure 

45 17) is superimposed and negatively fed back to the bias current n each bias unit 17 or to the control input 
of the temperature control element of each semiconductor laser 15. Thus, each operating point of each 
laser ligfit (central optical frequency) of each semiconductor laser 15 is set to n points indicating the 
maximum value MAX (Figure 19B) of the optical frequency discriminating characteristics of interferometer 
22. Then, the interval of the optical frequency between adjacent maximum value points in one optical 

50 frequency discriminating characteristics is assigned a fixed value. Therefore, as a result of simultaneous 
realization of each automatic frequency control (AFC) on each laser light of each semiconductor laser 15 as 
described above, n operating points of #1 - #n semiconductor laser 15 in the FDM transmission system can 
be positioned exactly at equal intervals in an optical frequency axis. 

The optical frequency deviation can be stabilized to each predetermined value for each laser light of 

55 each semiconductor laser 15 under the above described automatic frequency control (AFC). 

Further, a plurality of laser light applied to a single peak value of either the maximum or minimum value 
of the optical frequency discriminating characteristics enables transmission at a common frequency through 
different transmission lines. 
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Figure 26 is a block diagram of a fourth embodiment of the present invention. In Rgure 26, all parts 
assigned the same numbers as those assigned to the third embodiment have the same functions 
respectively. 

The fourth embodiment is different from the third embodiment in the point that an operating point 
5 stabilizer and an optical frequency deviation stabilizer are 61 and 62, each comprising a single unit, and 
each unit is operated in a time divisional manner. 

The output provided by each of #1 - #n optical receivers 33 is applied to the operating point stabilizer 
49 and optical frequency deviation stabilizer 54 through switches 63 and 64. Each of control results is 
stored in data storages 67 and 68 through switches 65 and 66. Each of the data storages 67 and 68 
10 negatively feed back the latest control data#1 - #n at each control point simultaneously to each bias unit 17 
(or a temperature control terminal of each semiconductor laser 15) and each data modulator 16, thus 
reducing the circuit scale in the above described configuration. 

In this embodiment, the modulation output for synchronous detection provided by the operating point 
stabilizer 49 (corresponding to the oscillation output of the low frequency oscillator 43 in the first 
)5 embodiment shown in Figure 17) is superimposed to the interferometer 22, thereby eliminating the 
necessity of low frequency modulation of optical frequency of each laser light from each semiconductor 
laser 15. Therefore, the influence of low frequency modulation component on the modulation component 
corresponding to an essential communication signal of each laser light can be completely eliminated. 
Fig. 27 is a block diagram of a fifth embodiment of the present invention. 
20 In the figure, forward light of semiconductor laser 110 is transmitted to a transmission line not shown as 

optical data Dh. A control signal may be taken from the forward light. The optical data Dh has been 
subjected to optical frequency modulation or phase modulation according to logic levels 1 and 0 of data Din 
to be transmitted. The modulation with the data Din to be transmitted is performed by a modulation circuit 
111. Though not shown, a well known bias circuit is connected to the semiconductor laser 110 in order to 
25 perform the optical modulation under the optimum drive conditions. 

The device of the present invention operates in response to reception of FSK modulated output light 
mo from til e semiconductor laser 110. which consists of backward light. Interferometer 120 receives the 
output light H10 from the semiconductor laser to produce two complementary interference light components 
Hlia and Hlib according to their optical frequency discriminating characteristics. 
30 Examples of an interferometer adapted to produce two complementary interference light components 
are illustrated in Rgs. 20A, 21A and 22. The optical frequency discriminating characteristics of the two 
complementary interference light components Hlia and Hlib are illustrated in Fig. 6A. 

Referring back to Fig. 27, two optical receivers 131 and 136 are provided for receiving the two 
interference light components Hlia and Hlib. Each of the optical receivers may comprise a photodiode. The 
35 interference light components Hlia and Hlib are respectively converted to electric signals EL11 and EL12 
which indicate their light intensity. In a subtracter 141 and an adder 143, voltage signals corresponding to 
the electric signals EL11 and ELI 2 are subjected to subtraction and addition. To this end. there are 
provided voltage detecting resistors 132 and 137 and instrument amplifiers 133 and 138. 

The subtracter 141 outputs the difference between the electric signals ELII and ELI 2 from the optical 
40 receivers 131 and 136. 

The adder 143 outputs the sum of the electric signals EL11 and ELI 2. 

In the present embodiment, the operating point setting mpans 140 comprises an operating point control 
circuit 142 and an APC control circuit 144. 

The operating point control circuit 142 uses the difference signal of the electric signals EL11 and ELI 2 

45 from the subtracted 141 as an operating point detecting signal and makes the operating point correspond to 
the median MED between the MAX and the MIN of the optical frequency discriminating characteristic at all 
times. The methods of shifting the operating point includes a method of providing feedback to the bias or 
temperature of the semiconductor laser 110 via a control line Lll to control the oscillation frequency of the 
semiconductor laser 1 0 and a method of providing feedback to the bias or temperature of the interferometer 

50 120 via the control line L11 to control the interference characteristic of the interferometer 120, Both of the 
methods may be used in combination. In the case of feedback to temperature, a known Peltier device is 
used. Since the two interference light components Hlia and Hlib are complementary to each other, the 
difference therebetween crosses the zero point at the median MED as shown in f=ig. 6B. Namely, the use of 
the difference signal of the electric signals EL1 1 and ELI 2, which crosses the zero point at the median 

55 MED, as the operating point delecting signal and the provision of feedback to the bias or temperature of the 
semiconductor laser or the bias or temperature of the interferometer permits the operating point to be 
stabilized at the optical frequency at which the difference signal becomes zero. In the case of feedback to 
the bias or temperature of the semiconductor laser, the control of the operating point frequency also permits 
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the oscillation frequency of the output light HIO of the semiconductor laser to be controlled. Thus, the 
stabilizat.on of the operating point and automatic frequency control (AFC) of the semiconductor laser can be 

performed at the same time. 

The APC control drcuit 144 uses the sum of the electric signals EL11 and EL12 from the adder 143 as 
. 5 a„ opl,cal output detecting signal and comprises a comparator which receives at its first input the optical 
output detecung signal and at its second input a predetemiined set voltage VII. The control circuit detects 
" ! ^"'^ optical output delecting signal and provides feedback to 

th. bias of the semiconductor laser 110 via the control line L12 so that the difference may become zero at 
all times. Since the two interference light components H1ia and Hlib are relative to each other, the addition 
P^^'^f ^, ' °"*P"' ^ by a dash-dotted line in Rg. 6A. The flat output is proportional 

to he ligh, output of the semiconductor laser 110. Namely, the automatic light output control (APC) is 

EL n nn^FMr^ H ^^^^ V ' '° '=°^^=P°"'' '° ^ ='9"«' by addition of the electric signals 

EL n and ELI 2 and providing feedback to the semiconductor laser 110 so that the level of the flat signal 
may become constant. ^ 

The optical frequency deviation detecting means 150 comprises an low-frequency oscillator 151 a 
synchronous dotector 152. an optical frequency deviation stabilizing circuit 153 and an amplifier 154 

The low frequency oscillator 151 varies the oscillation frequency of the semiconductor laser 110 or the 
.n-orforcncc Characteristic of the interferometer 120 through a control line L13 at a low frequency in order to 
va,y the oscllafon frequency at the operating point in the optical frequency discriminating characteristic 
,0 Th,. low frequency ,s used herein to mean that it is low in comparison with the frequency of a data 
...n.^.ssvn rat. and is. for example. 100 Hz. The operating point is varied by a low-frequency signal 
^ whos.. spr.nd .s h.gher than the response speed of the operating point setting means 140 The low- 
(roqcK^ncy s.gna! SI ,s used as a synchronous detection signal in the synchronous detector 152 By 
SLpc',mpos.ng the low-frequency signal S1 on the bias or temperature of the semiconductor laser or on the 
2S b.as or temperature of the interferometer 120. the oscillation frequency at the operating point is varied 

o.r,t^ low-trequency oscillator 151. like the operation of the low-frequency 

osaiiator 43 .Ilustlated m F,g.i7, can be explained by referring to the waveform diagram of Rg -18 it is 
ommod herem. The electric signals EL11 and EL12 containing a low-frequency component are detected by 
the synchronous detector 152 using the low-frequency oscillator output 
30 It is easy to vary the bias of the interferometer 120 as in the case of the Interferometer 20 described 
previously. The explanation thereof is omitted herein. 

Referring back to Fig. 27. the synchronous detector 152 detects the difference signal component of the 
eloctnc signals EL11 and EL12 from the subtracter 141 using the low-frequency ^nal Si which is the 
synchronous detection signal from the low-frequency oscillator 151 and extracts a signal component 
3S synchronized w,th the synchronous detection signal. The signal component extracted by the synchronous 
detection is the optical frequency deviation detecting signal which is used to measure an optical frequency 
^sr^l^be descrfbed' "'^^'^'^"'^"^ °^ °Ptical frequency deviation Af In the synchronous detector 

^ MA^r ^ w^^^'Tx^m"^,^"'"* modulated optical signal is stabilized at the median MED between 

<o the MAX and the MIN of the optical frequency discriminating characteristic of the interferometer 120 and the 
operating point .s shifted by the low-frequency signal S1 of the synchronous detection signal, the phase and 
amplitude of vanations of the average light output intensity vary according to the magnitude of the optical 
frequency deviation Af as shown in Fig. 8. Thus, the magnitude of optical frequency deviation Af can be 
obtained by converting the average light output intensity from the interferometer 120 to an electric signal 

45 and detecting the electric signal using the low-frequency signal Si. 

A relationship between the optical frequency deviation Af and the synchronous detection output signal 
for the average light output intensity is illustrated in Fig. 9. In the figure, a deviation of the synchronous 
detection output signal from zero represents a deviation of the optical frequency deviation Af from FSR/2 
When Af = FSR/2. the synchronous detection output signal becomes zero. That is. the measurement of the 

so synchronous detection output signal is equivalent to the measurement of Af 

The optical frequency deviation stabilizing circuit 153 may comprise a comparator which receives at its 
first input a dev.atron detect signal obtained by the synchronous detector 152 and at Its second input a 
preset voltage VI 2 and provides feedback to the modulation circuit 1 1 1 so that the difference therebetween 
may become zero. Thereby, the optical frequency deviation Af (modulation index) is kept constant 
P, 1 f ' pT.^'o ^° detector 152 use is made of the difference signal of the electric signals 

l .^^'l difference signal is equivalent to addition of a broken curve to a solid curve in Rq 9 

with the former reversed in polarity. In other words, the optical frequency deviation can be controlled using 
a signal having a steep gradient. This permits a considerable increase of the S/N ratio in the optical 
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frequency deviation control. 

The amplifier 154 is provided, in superimposing the synchronous detection signal from the low 
frequency oscillator 151 on the bias of the semiconductor laser 110 via the control line LI 3, for feeding the 
optical frequency deviation detect signal from the optical frequency deviation stabilizing circuit 153 back to 

5 the modulation amplitude of the low frequency -signal Si which is the synchronous detection . modulation 
signal so that the optical frequency deviation of optical frequency modulation by the modulation signal may 
be made constant and the optical frequency deviation detecting means 1 50 may not be affected by' the 
modulation efficiency of the light source of the semiconductor laser 110. 

That is, when the FM modulation efficiency (optical frequency variation per unit bias current) becomes 

10 small because of aging change of the bias of the semiconductor laser itself, the low frequency signal Si 
may not be superimposed in the worst case. Thus, the operating point may not vary as set and the 
synchronous detection may become impossible. To avoid this, the amplifier 154 is used to make large the 
amplitude of the modulation signal for synchronous detection when the FM efficiency becomes small and to 
make small the amplitude of the modulation signal when the FM efficiency becomes too large. That is, the 

IS low-frequency signal Si is controlled to have substantially the same amplitude. The magnitude of the FM 
modulation efficiency is determined on the basis of the magnitude of the optical frequency deviation Af. 

A mark rate monitor means 160 may comprise an integrator in the modulation circuit 111. The monitor 
means controls the operating state of the optical frequency deviation detecting means 150 by calculating 
the probability that logic levels 1 and 0 will occur in data modulation in which the frequency of the output 

20 light HIO of the semiconductor laser 110 is shifted to the first and second frequencies f1 and f2 in 
accordance with logic levels 1 and 0 of data to be transmitted. 

Hg. 7 A is a graph when the mark rate is 1/2. When the mark rate is 1/4. that is. Is and Os occur in the 
ratio of 1 to 3. the average light output intensity moves to the top right in Fig. 7A. For this reason, the graph 
of Fig. 9 varies with the result that the value of Af when the synchronous detection output signal becomes 

25 zero will vary according to the magnitude of the mark rate. Thus, it is required to change the set voltage 
VI 2 of the optical frequency deviation stabilizing circuit 153 according to the mark rate. The mark rate 
monitor 160 calculates the mark rate of modulation signal of' the modulation circuit ill and change the set- 
voltage VI 2 according to the calculated mark rate, to thereby control the operating state of the optical 
frequency deviation detecting means 150. That is, a mark rate monitor signal of an input modulation signal 

30 is fed back to the optical frequency deviation stabilizing circuit 153 with the result that the circuit is not 
affected by variation in mark rate. 

Rg. 28 is a block diagram of a sixth embodiment of the present invention. 

In the figure, fonvard light of a semiconductor laser 210 is transmitted to a transmission line not shown 
as optical data Dh. A control signal may be taken from the forward light. The^optical data Dh has been 
35 subjected to optical frequency modulation or phase modulation according to logic levels 1 and 0 of data Din 
to be transmitted. The modulation with the data Din to be transmitted is performed by a modulation circuit 
211. Though not shown, a well known bias circuit is connected to the semiconductor laser 210 in order to 
perform the optical modulation under the optimum drive conditions. 

The device of the present invention operates in response to reception of FSK modulated output light 
40 H20 from the semiconductor laser 210, which consists of backward light. An interferometer 220 receives the 
output light H20 from the semiconductor laser to produce two complementary interference light components- 
H2ia and H2ib according to their optical frequency discriminating characteristics. 

Examples of an interferometer adapted to produce two complementary interference light components 
are illustrated in Rgs. 20A, 21 A and 22. The optical frequency discriminating characteristics of the two 
45 complementary interference light components H2ia and H2ib are illustrated in Rg. 11 A. 

Referring back to Rg. 28, two optical receivers 231 and 232 are provided for receiving the two 
interference light components H2ia and H2ib, respectively. Each of the optical receivers may comprise a 
photodiode. The interference light components H2ia and H2ib are respectively converted to electric signals 
EL21 and EL22 which indicate their light intensity. In a subtracter 237 and an adder 238, voltage signals 
50 corresponding to the electric signals EL21 and EL22 are subjected to subtraction and addition. To this end, 
there are provided voltage detecting resistors 233 and 234 and instrument amplifiers 235 and 236. 

The subtracter 237 outputs the difference between the electric signals EL21 and EL22 from the optical- 
receivers 231 and 232. 

The adder 238 outputs the sum of the electric signals EL21 and EL22. 
55 In the present embodiment, the operating point setting means 240 comprises a low frequency oscillator 
241, a synchronous detection circuit 242, an operating point stabilizing circuit 243, two adders 244 and 245 
and an amplifier or attenuator 246. 

The low frequency oscillator 241 produces a low-frequency signal 821 and varies the frequency at the 
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operating point in the optical frequency discriminating characteristic at a low frequency. The methods of 
shifting the operating point includes a method of providing superimposition on the bias or temperature of 
the semiconductor laser 210 via a control line L21 to control the oscillation frequency of the semiconductor 
laser 210 and a method of providing superimposition on the bias or temperature of the interferometer 220 
via . the control line L21 to control the interference characteristic of the interferometer 220. Both of the 
methods may be used in combination. In the case of feedback to temperature, a known Pettier device Is 
used. The low frequency is used herein to mean that it is low in comparison with the frequency of a data 
transmission rate and, for example, 100 Hz. 

The synchronous detector 242 receives the difference signal component of the electric signals EL21 
and EL22 from the subtracter 237, which is used as an operating point detecting signal, and the low- 
frequency signal S21 from the low-frequency oscillator 241 and extracts a signal component synchronized 
with the low frequency signal S21. The signal after the synchronous detection is equivalent to a waveform 
obtained by differentiating the optical frequency discriminating characteristic as described in connection 
with Fig. 11B. Thus, the synchronous detection signal becomes zero at the maximum value MAX and the 
minimum value MIN in the optical frequency discriminating characteristic. Thus, the operating point can be 
made to correspond to the maximum value MAX or the minimum value MIN by causing the operating point 
stabilizing circuit 243 to converges toward zero, That Is, if feedback is provided to the bias or temperature 
of the semiconductor laser 210 or the bias or temperature of the interferometer 220 so that the synchronous 
detection signal may always become zero, the operating point will be stabilized at the optical frequency at 
which the synchronous detection signal becomes zero. In the case of feedback to the bias or temperature of 
the semiconductor laser 210. the control of the operating point frequency also permits the oscillation 
frequency of the semiconductor laser to be controlled. Thus, the stabilization of the operating point and 
automatic frequency control (AFC) of the semiconductor laser 210 can be performed at the same time. 

The APC control circuit 247 uses the sum of the electric signals EL21 and EL22 from the adder 238 as 
an optical output detecting signal and may comprise a comparator which receives at its first input the 
optical output detecting signal and at its second input a predetermined set voltage V21 . The APC control 
circuit 247 detects a difference between the set voltage V21 and the optical output detecting signal and 
provides feedback to the bias of the semiconductor laser 210 via the control line L22 so that the difference 
may become zero at all times. Since the two interference light components H2ia and H2ib are complemen- 
tary to each other, the addition thereof will produce a flat output as indicated by a chain line in Rg. 11 A. 
The flat output Is proportional to the light output of the semiconductor laser 210. Namely, the automatic light 
output control (APC) is realized by setting the voltage V21 to correspond to the flat signal obtained by 
addition of the electric signals EL21 and EL22 and providing feedback to the semiconductor laser 210 so 
that the level of the flat signal may become constant. 

The superimposition on and the feedback to the temperature of the semiconductor laser 210 from the 
low frequency oscillator 241 and the operating stabilizing circuit 243 and the superimposition on and 
feedback to the bias or temperature of the interferometer 220 are combined in an adder 244. Also, the 
superimposition on and feedback to the bias of the semiconductor laser 210 from the low frequency 
oscillator 241 and the operating point stabilizing circuit 243 are combined in an adder 245. 

Although the operation of the low-frequency oscillator 241 like the operation of the low-frequency 
oscillator 43 illustrated in Fig. 17. can.be explained by referring to the waveform diagram of Fig. 18. It Is 
omitted herein. The electric signals EL21 and EL22 containing a low-frequency component are detected by 
the synchronous detector 242 using the low-frequency oscillator output. 

It is easy to vary the bias of the Interferometer 220 as in the case of the interferometer 20 described 
previously. The explanation thereof is omitted herein. 

The optical frequency deviation detecting means 250 comprises a second low frequency oscillator 251 , 
a second synchronous detection circuit 252 and an optical frequency deviation stabilizing circuit 253. The 
second low frequency oscillator Is a multiplier which receives a low frequency signal S21 from the first low 
frequency oscillator 241 and produces a low frequency signal S22 whose frequency is twice that of the 
signal S21. 

The second synchronous detection circuit 252 receives the difference signal of the electric signals EL21 
and EL22 from the subtracter 237 as an optical frequency deviation detecting signal under the condition that 
the operating point of the interferometer 220 is stabilized at the maximum value MAX or the minimum value 
MIN of the optical frequency discriminating characteristic by the operating point setting means 240. It also 
receives the low frequency signal S22 from the second low frequency oscillator 251 as a reference signal 
for synchronous detection and performs synchronous detection on the difference signal to extract the low 
frequency signal S22, thereby detecting an optical frequency deviation. 

Having described in connection with Fig. 12, when the low frequency signal S21 from the low frequency 
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oscillator 241 is superimposed on the bias or temperature of the semiconductor laser 210 or the 
Interferometer 220 to shift the operating point, the low frequency signal component S22 whose frequency is 
twice that of the low frequency signal 321 appears most strongly in variations in the average light intensity 
of the Interferometer 220. The amplitude of the signal S22 corresponds to the magnitude of Af. This is 

5 based on the fact that the detect signal after the synchronous detection of an electric signal corresponding, 
to the light intensity with the low frequency signal S22 and the optical frequency deviation Af have such a 
relationship as show in Fig. 13. 

If the low frequency signal S22, whose frequency is twice that of the low frequency signal S21 , of the 
average light output intensity of the interference light H2i which has been modulated with the low frequency 

10 signal S21 previously is extracted by synchronous detection using the low frequency signal S22, then an 
optical frequency deviation detecting signal will be obtained. In this case, as the optical frequency deviation 
detecting signal to the second synchronous detection circuit 252 the difference component of the electric 
signals El 21 and EL22 from the subtracter 237 is used. The difference signal is doubled in amplitude as 
shown in Fig. 11B. The optical frequency deviation Af can be detected using a signal having a steep 

75 gradient. This will increase the S/N ratio in the optical frequency deviation control. 

The optical frequency deviation stabilizing circuit 253 may comprise a comparator which receives at its 
first input a deviation detecting signal obtained by the second synchronous detector 252 and at its second 
input a preset voltage V22 and provides feedback to the modulation circuit 211 so that the difference 
therebetween may converges toward zero. The set voltage V22 corresponds to voltage V22 corresponding 

20 to a preset optical frequency deviation Af in the graph of Fig. 13. The set voltage V22 corresponds to the 
optical frequency deviation Af to be kept constant. The control of stabilization of the optical frequency 
deviation (modulation index) will also become possible. 

The amplifier or attenuator 246 is provided, in superimposing the low frequency signal S21 which is a 
modulation signal for synchronous detection signal from the low frequency oscillator 241 on the bias of the 

25 semiconductor laser 210 via the control line L21. for feeding the optical frequency deviation detecting signal 
from the optical frequency deviation stabilizing circuit 253 back to the modulation amplitude of the 
modulation signal S21 for synchronous detection so that the optical frequency deviation of optical frequency 
modulation by the modulation signal may be kept constant and the operating point setting means 240 and 
the optical frequency deviation detecting means 250 may not be affected by the modulation efficiency of 

30 the light source of the semiconductor laser 210. 

That is, when the FM modulation efficiency (optical frequency variation per unit bias current) becomes 
small because of aging change of the bias of the semiconductor laser 210 itself, the low frequency signal 
S21 may not be superimposed in the worst case. Thus, the operating point may not vary as set and the 
synchronous detection may become impossible. To avoid this, the amplifier or attenuator 246 is used to 

35 make the amplitude of the modulation signal for synchronous detection large when the FM efficiency 
becomes small and to make the amplitude of the modulation signal small when the FM efficiency becomes 
too large. That is, the tow-frequency signal S21 is made to have substantially the same amplitude. The 
magnitude of the FM modulation efficiency is determined on the basis of the magnitude of the optical 
frequency deviation Af. 

40 A mark rate monitor means 260 may comprise an integrator in the modulation circuit 211. The monitor 
means controls the operating state of the operating point setting means 240 and the optical frequency 
deviation detecting means 250 by calculating the. probability, tiiat logic levels 1 and .0 will occur in data 
modulation in which the frequency of the output light H20 of the semiconductor laser 210 is shifted to the 
first and second frequencies f1 and f2 in accordance with logic levels 1 and 0 of data to be transmitted for 

45 feedback to the operating stabilizing circuit 243 and the optical frequency deviation detecting means 253. 

The light output intensity at the operating point in Fig. 1 1 varies between the case where the mark rate 
is 1/2, namely, where the probability that a 1 will occur and the probability that a 0 will occur are in the ratio 
of one to one and the case where the mark rate is 1/4, namely, where the probability that a 1 will occur and 
the probability that a 0 will occur are in the ratio of one to three. For this reason, the graph of Fig. 13 varies 

50 with the result that the value of Af when the synchronous detection output signal becomes a preset value 
will vary according to the magnitude of the mark rate. Thus, it is required to change die set voltage V22 of 
the optical frequency deviation stabilizing circuit 253 according to the mark rate. The mark rate monitor 260 
calculates the mark rate of the modulation signal of the modulation circuit 21 1 and change the set voltage 
V22 according to the calculated mark rate so that the optical frequency deviation detecting means 250 will 

55 not be affected by variation in mark rate. The operating point setting means 240 performs control so that the 
output of the synchronous detection circuit 242 may become zero. An offset voltage may be added to the 
output of the synchronous detection circuit 242 according to a variation in the mark rate to shift the 
operating point from the maximum value or the minimum value. 
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Rg. 29 is a block diagram of a seventh embodiment of tlie present invention. This embodiment is 
dtrected to a measure and control device for use with FDM (frequency-division multiplex) transmission. 

As shown, there are two or more semiconductor lasers 210(#K #2 #n) because separate optical 

frequences are required in the FDM transmission. Also, there are provided two or more modulation circuits 

^^"•^^^^ optical frequency modulating light outputs of the semiconductor lasers with datas Din- 

f*^' *2 t° transmitted. FSK modulated outputs of the semiconductor lasers are input to an optical 

coupler 212 and then output to an interferometer 220. The optical outputs are transmitted to an optical 
receiver 230 as rnterference light H2i based on optical frequency discriminating characteristics. 

The feature of the present embodiment is that a single Interferometer is provided. In general the 
maximum values (the minimum values) in the optical frequency discriminating characteristic of inter- 
ferometers are spaced at equal intervals as is shown In Fig. 11A and 1 1B. In the case of FDM transmission 
in which more than two frequencies are required and the frequencies used need to be spaced with 
accuracy, particularly in the case where, like the present invention, an optical frequency deviation is 
measured and controlled with the operating point stabilized at the maximum value or minimum value of the 
optical frequency discriminating characteristic. It is convenient because the frequency spacing is deter- 
mined simply by setting the operating point of each semiconductor laser at a corresponding respective 
maximum value in an optical frequency discriminating characteristic. 

The interferometer 220. the optical receiver 230. the operating point setting means 240 comprising the 
low-frequency oscillator 241, the synchronous detection circuit 242 and the adder 245, and the optical 
frequency deviation detecting means 250 comprising the second low-frequency oscillator 251, the second 
synchronous detection circuit 252 and the optical frequency deviation stabilizing circuit 253 are each the 
same as a corresponding one in the sixth embodiment in arrangement and function and thus their 
description is omitted. 

The present embodiment is provided with a switch circuit 270 which is responsive to application of a 
switching signal from a control circuit not shown to select a semiconductor laser 2lO(#i) which needs 
stabilization control of optical frequency and optical frequency deviation. This will be described below. 

The principle of the operation of the present invention is summarized by stabilizing the operating point 
of the interferometer 220 to the maximum value or the minimum value of the optical frequency dis- 
cnminating characteristic, and detecting and controlling the optical frequency deviation Af after extraction of 
the low-frequency signal component S22 produced under the stabilized operating point from the electric 
signal by means of synchronous detection. It is therefore required to superimpose the low-frequency signal 
S21 for synchronous detection from the low-frequency oscillator 241 on the bias or temperature of the 
semiconductor laser 210. (With the seventh embodiment applied to FDM system, to keep the optical 
frequency discriminating characteristic fixed, the low-frequency signal S21 is not superimposed on the bias 
or temperature of the interferometer 220. Instead, the interferometer is subjected to different temperature 
control.) That is. selection is made to superimpose a modulation signal for synchronous detection on and 
feed an operation point stabilizing signal and an optical frequency deviation stabilizing signal back to. a 
semiconductor laser 2lO{#i) which requires stabilization control of optical frequency and its deviation 

Specifically, n semiconductor lasers 210 (#1, #2 #n) are sequentially selected on a time-division basis 

by the switch 270 and a modulation signal for synchronous detection is superimposed on the bias or 
temperature of a selected semiconductor laser 210{#i). At this point, other semiconductor lasers are 
operatmg to produce fon^^ard and backward light. The switch circ;jit 270 is provided with a register for 
stonng data. The semiconductor laser 210(#i-1), which has been selected immediately before the laser 210- 
(#1) IS selected, continues to output to a transmission line the light with an optical frequency deviation of Af 
at the point of time when it was subjected to stabilization control in response to a control signal stored in the 
register when it was selected. After the elapse of a fixed period of time, the laser 210(#i-1) is selected again 
and subjected to stabilization control of optical frequency and its deviation by superimposition of a 
modulation signal for synchronous detection on its bias or temperature. 

Though not shown, the seventh embodiment of the present invention may be modified as follows. 
That is. instead of providing the switch circuit 270. two or more low-frequency oscillators and 
synchronous detectors may be provided for superimposing a synchronous detection low-frequency signal 
S21(#i, #2,...jSfn) of a different frequency on the bias or temperature of each of the semiconductor lasers 
210(#1, #2.....#n). In this case, the semiconductor lasers need not be selected on a time-division basis. 

Output lights H20(#1. #2 #n) are output from the semiconductor lasers to the optical coupler 212 

simultaneously and the interferometer 220 receives the output lights at the same time. At this time, the 
stabilization control of optical frequency and optical frequency deviation for the semiconductor lasers are 
performed simultaneously. In this case, to avoid the circuitry becoming large in scale, the synchronous 
detector side may use a time-division system. To obtain two or more different oscillation frequencies, more 
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than one frequency multiplier may be used for a single oscillator. 

Though not shown, the seventh embodiment may be further modified as follows. 

That is, the operating point setting means 240 having the low-frequency oscillator 241 and the 

synchronous detector 242 may perform the sequential superimposition of a modulation signal on the 
5 semiconductor lasers and the simultaneous superimposition of modulation signals of different frequencies 

on the lasers selectively. And, the above two methods of super Imposition may be used, individually. 

alternatively, in one after another, in order and in composition. Namely, the sequential superimposing 

system used In the seventh embodiment or the different frequency superimposing system used in ttie 

modified embodiment may be used as needed. 
10 As described above, in the seventh and Its modified embodiments, stabilization control of optical 

frequency and optical frequency deviation of semiconductor lasers can be performed effectively in the case 

of optical frequency multiplex transmission in particular. 

Rgure 30 is a block diagram of a eighth embodiment of the present invention. The feature of the 

embodiment resides in that stabilization control of an operating point of a semiconductor laser is performed 
75 as a pre-process for stabilizing the optical frequency deviation In the semiconductor laser, not performed by 

the low frequency modulating operation using a low frequency oscillator and the synchronous detecting 

operation using a synchronous detecting circuit, but performed by the controlling operation using the 

reflected light from the interferometer. 

In Figure 30, the semiconductor laser 401, data modulator 402, bias unit 403, and a comparator 413 has 
20 the same function respectively as that of 10, 11, 12, and 51 shown in Rgures 16 and 17. 

^ The incident light H30 as linearly polarized backward light from the semiconductor laser 401 Is applied 

to the half mirror 404. 

After passing through the half mirror 404. the laser light is inputted to a Fabry-Perot interferometer 405 
which is applied with the polarizer 418 internally and mirror coating 416 and 417 on both of its right and left 
25 sides. The polarizer 418 is arranged such that its main axis (in the polarization direction of the resonating 
laser light) makes an angle of 01 (0 < fll < 90°) degrees with the polarization direction of the incident light 
H30 as shown in Figure 31 A. 

Reflected light B1 reflected in the direction of the half mirror 404 from the Fabry-Perot interferometer 
405 is reflected at the half mirror 404, and then passes through a X/4 plate 406 and a polarizer 407 with the 
30 main axis arranged at X/4 degrees to each other as is shown in Fig.3lC. 

Then, each laser light in the direction of X3 and Y3 from the polarizer 407 is received by optical 
receivers 408 and 409 respectively. 

A subtracter 410 subtracts an output signal EL32 of the optical receiver 409 from an output signal EL31 
of the optical receiver 408. 

35 A negative feedback unit 41 1 applied negative feedback to the bias unit 403 according to a subtracting 
output EL33 from the subtracter 410, thus realizing the controlling operation such that an operating point in 
the semiconductor laser 401 can constantly corresponds to the optical frequency corresponding to the 
maximum value in the optical frequency discriminating characteristics of the Fabry-Perot interferometer 405. 
On the other hand, after passing through the Fabry-Perot Interferometer 405, the interference light Is 

40 received by the optical receiver 412, and the direct current component in an output signal EL34 is applied 
to the comparator 413. . 

The comparator 413, like the comparator 51 In the first embodiment shown in Figures 16 and 17, 
calculates the difference between the direct component voltage from the optical receiver 412 and the 
predetermined voltage V31. Then, the data modulator 402 is provided with negative feedback by the 

45 difference, thus stabilizing the optical frequency deviation of the laser light of the semiconductor laser 401. 

In the incident light H30 from the semiconductor laser 401 , the laser light reflected at the half mirror 404 
without passing through it is received by an optical receiver 414. An ARC controller 415 applies negative 
feedback to the bias current of the bias unit 403 according to the monitoring light received by the optical 
receiver 414, thus realizing automatic light output control so that the output of the laser light of the 

50 semiconductor laser 401 can be kept at the predetermined level. 

The feature of the sixth embodiment in the above described configuration is that it realizes the 
stabilization control on an operating point of the semiconductor laser 401 by controlling operation using the 
reflected light B1 from the Fabry-Perot interferometer 405. The description of the stabilization control on an 
operating point is given below. 

55 Rrst, the polarizer 418 In the Fabry-Perot interferometer 405 Is positioned such that Its main axis makes 
an angle of 1 (0 1 90°) degrees with the polarization direction of the incident light H30, as shown In Rg.31A. 
Therefore, In the Interferometer 405. only the component in the Yl direction 1 degrees oblique to the 
incident light H30 resonates. The component in the XI direction perpendicular to Yl gets out of the 
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interferometer 405, indicating the value of 0. On the other hand, at the mirror-coated side 416, the incident 
light H30 is reflected regardless of the internal polarizer 418. 

Sumnning up, the reflected light B1 (cor.taining XI and Y1 components) reflected from the Fabry-Perot 
405 to the half mirror 404 can be obtained as follows: 

Xl=n"'V- lA' -cxpCioil) ) -sinCi? 1) 

{1 -cxpCi ff) ) • R""' 

Yi= . {A- .cxpCloO) -cosCO 1 ) • -•(!) 

l-R-cxp(i5) 

4 It n L 
6 



75 

where: 

A'.exp(i oi t): transmitted light passing through the half mirror 404 when A.exp(l « t) is the incident light 

H30 

20 R: reflectance at the half mirror 404 

n: index of refraction of the polarizer 418 

L: length of resonator of the Fabry-Perot interferometer 405 

X: wave length of the incident light H30 

Next, when the direction of incident light of the reflected light B1 is arranged to make an angle of 02 
25 degrees with the main axis of the >J4 plate 406 as shown in Figure 31 B, the output light from the X/4 plate 
406 (containing X2 and Y2 components) can be obtained as follows: 

X2 = Xr • cos(9.2) + YV • sin(92) 

Y2 = -XI ' sin{e2) + Y1 • cos(fl2) (2) 

30 

where: 

XI' and Y'1; signals represented with exp(i t) in XI and Y1 in in the expression (1) substituted by exp{i- 

(o,t + 71/2)}. 

Further, as the main axes of the X/4 plate 406 and the polarizer 407 are arranged to make an angle of 
35 7r/4 degrees as shown In Figure 31 C, the output light B3 (containing X3 and Y3 components) from the 
polarizer 407 to the optical receivers 408 and 409 is obtained as follows: 

X3 = X2 • cos(W1) - Y2 * cos(7r/1) 

Y3 = X2 • sin(WI) + Y2 ' sin (Wl) (3) 

40 

Therefore, the output EL31 of the optical receiver 408 and the output EL32 of the optical receiver 409 
are obtained as follows: ■ . ^ 

El = (X3)P(3*) 
45 E2 = (Y3)(Y3*) (4) 

Further, the output EL33 of the subtracter 410 can be obtained as follows: 

E3 = PC3)(X3*) - (Y3)(Y3*) (5) 

On the other hand, as the Interference light resonating in the Fabry-Perot interferometer 405 and 
comprising only Y1 component is outputted as shown in Figure 31 A in the direction of the Fabry-Perot 
Interferometer 405 to the optical receiver 412, the output EL34 can be obtained as follows: 

J -R 

Yi.. -expCiajL) • cos(0 1 ) -..((,) 

1 -R • exp(i 
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According to the above expressions (1) - (6), the output EL33 of the subtractor 410 shown in expression 
(5) show the maximum value 6 1 = thus resulting in ei =0. ir/2 indicating the value of 0. On the other 
hand, the output EL4 of the optical receiver 412 obtained in the expression (6) shows the maximum value 
when t? 1 = 0. thus resulting in 9 1 = -niZ indicating the value of 0, The above EL33 and EL34 never 
depend on 62. As shown in Figure 31 C, by arranging the main axes of the X/4 plate 406 and the polarizer 
407 to make an angle of ir/4 degrees, the information of the phase difference between the X1 and Y1 
components of the light Bl reflected in the direction of the Fabry-Perot interferometer 405 to the half mirror 
404 can be extracted as the output EL33 of the subtractor 410 shown in expression (5). That is, assuming 
that the phase difference between the XI and Y1 components is ^; 

E3 = B • sin <> {7) 



where B shows a constant. 

The phaso difference 4> shows 0 at the maximum value of the output EL34 of the optical receiver 412, 
;s and -a at the minimum value. Therefore, the maximum and minimum points at the output EL34 corresponds 
to the 2ero point of the output EL33. 

The above described characteristics are represented as follows. In expression (1), assuming that the 
index of retraction is n = 1.5: the free spectral range of the Fabry-Perot interferometer 405 (corresponding to 
the optical frequency interval between maximum points in the optical frequency discriminating characteris- 
20 tics) is c.'2nL = 15GHz (c means the speed of light); the reflectance at the half mirror 404 is R = 0.9 <90%) 
and 6 1 = w 8 to calculate each optical frequency using the output EL33 of the subtractor 410 obtained tn 
expression (5) and the output EL34 of the optical receiver 412 obtained in expression (6). the optical 
frequency characteristics can be obtained as shown in Fig. 32A and 328. 

The optical frequency characteristics of the output EL34 of the optical receiver 412 shown in Rg. 32B 
25 are the optical frequency discriminating characteristics of the Fabry-Perot interferometer 405 shown in 
FiQ.30. Therefore, as shown in Fig. 32A and 32B, the maximum point of the optical frequency discriminating 
characteristics, of the Fabry-f^erot interferometer 405 corresponds to the zero point of the optical frequency 
characteristics of the output EL33 of the subtractor 410. 

According to the fact as derived above, The negative feedback unit 41 1 applies negative feedback to 
30 the bias unit 403 according to the output EL33 of the subtractor 410 to realize the controlling operation such 
that an operating point in the .semiconductor laser 401 constantly corresponds to the optical frequency 
corresponding to the maximum value of the optical frequency discriminating characteristics in the Fabry- 
Perot interferometer 405. 

In this case, as indicated by the optical frequency characteristics shown in Fig. 32, the negative 
35 feedback unit 41 1 applies negative feedback to the bias unit 403 to reduce the central optical frequency of 
the laser light in the semiconductor laser 401 when the output EL33 of the subtractor 410 shows straight 
polarity, that is, to reduce the bias current in the bias unit 403. On the other hand, when EL33 shows 
negative polarity, it applies negative feedback to increase the central optical frequency. Thus, the controlling 
operation can be realized such that an operating point in the semiconductor laser 401 corresponds to the 
40 optical frequency corresponding to the maximum value of the optical frequency discriminating characteris- 
tics in the Fabry-Perot interferometer 405. . ■ 

Rgure 33 is a block diagram of. a nineth embodiment of \\\g present invention. In Figure 33, the identical 
numbers to those assigned' to the eighth embodiment as shown in Figure 30 mean the same functions. 

In the nineth emtxxJiment. like in the eighth embodiment, the stabilization control on an operating point 
45 of the semiconductor laser 401 is performed by the controlling operation using the reflected light 81 from a 
Fabry-Perot interferomater 505. The difference between the embodiments in Rg.30 and Rg.33 is that the 
Fabry-Perot interferometer 505 in the nineth embodiment is provided internally with a. X/4 plate 518 not with 
a polarizer, and a polarizer 519 is adopted between the Fabry-Perot interferometer 505 and the optical 
receiver 412. 

50 The above described x/4 plate 518 is arranged such that its main axis makes an angle of Tr/4 degrees 
with the polarization direction of the incident light H30 as shown in Rg.34A. Accordingly, every time laser 
light traverses in the interferometer 505. the polarization direction of the reflected light changes alternately 
between in the perpendicular and horizontal directions to the polarization direction of the incident light H30. 
The polarizer 519 is arranged such that its main axis makes an angle of Z2 degrees with the main axis 
55 of X/4 plate 518 as shown in Rg.34D. 

The stabilization control on an operating point of the semiconductor laser 401 in the nineth embodiment 
in the above configuration is explained as follows. 

Rrst. the reflected light Bl reflected In the direction of the half mirror 404 from the Fabry-Perot 
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According to the above expressions (1) - (6). the output EL33 of the subtractor 410 shown in expression 
(5) show the maxinnunn value $ 1 = W4, thus resulting in ei =0, tt/2 indicating the value of 0. On the other 
hand, the output EL4 of the optical receiver 412 obtained in the expression (6) shows the maximum value 
when 6 ^ = 0, ihus resulting in 9 1 = 7r/2 indicating the value of 0. The above EL33 and EL34 never 
5 depend on 62. As shown in Figure 31 C. by arranging the main axes of the X/4 plate 406 and the polarizer 
407 to make an angle of tt!4 degrees, the information of the phase difference between the XI and Y1 
components of the light B1 reflected in the direction of the Fabry-Perot interferometer 405 to the half mirror 
404 can be extracted as the output EL33 of the subtractor 410 shown In expression (5). That Is. assuming 
that the phase difference between the XI and Y1 components is 4>; 

10 

' E3 = B • sin (7) 

where B shows a constant. 

The phase difference <> shows 0 at the maximum value of the output EL34 of the optica! receiver 412, 

15 and Ti at the minimum value. Therefore, the maximum and minimum points at the output EL34 corresponds 
to the zero point of the output EL33. 

The above described characteristics are represented as follows. In expression (1), assuming that the 
index of retraction is n = l .5: the free spectral range of the Fabry-Perot interferometer 405 (corresponding to 
the optical frequency interval between maximum points in the optical frequency discriminating characteris- 

20 tics) is c.2nL = 15GHz (c means the speed of light): the reflectance at the half mirror 404 is R = 0.9 (90%) 
and. 6 1 = w 8 to calculate each optical frequency using the output EL33 of the subtractor 410 obtained in 
expression (5) and the output EL34 of the optical receiver 412 obtained in expression (6). the optical 
frequency characteristics can be obtained as shown in Fig. 32A and 32B. 

The optical frequency characteristics of the output EL34 of the optical receiver 412 shown in Fig. 328 

25 are the optical frequency discriminating characteristics of the Fabry-Perot interferometer 405 shown in 
Fig.30. Therefore, as shown in Fig. 32A and 328. the maximum point of the optical frequency discriminating 
characteristics, of the Fabry-Perot Interferometer 405 corresponds to the zero point of the optical frequency 
characteristics of the output EL33 of the subtractor 410. 

According to the fact as derived above, The negative feedback unit 41 1 applies negative feedback to 

30 the bias unit 403 according to the output EL33 of the subtractor 410 to realize the controlling operation such 
that an operating point in the .semiconductor laser 401 constantly corresponds to the optical frequency 
corresponding to the maximum value of the optical frequency discriminating characteristics in the Fabry- 
Perot interferometer 405. 

In this case, as indicated by the optical frequency characteristics shown In Fig.32, the negative 
35 feedback unit 411 applies negative feedback to the bias unit 403 to reduce the central optical frequency of 
the laser light in the semiconductor laser 401 when the output EL33 of the subtractor 410 shows straight 
polarity, that is. to reduce the bias current in the bias unit 403. On the other hand, when EL33 shows 
negative polarity, it applies negative feedback to increase the central optical frequency. Thus, the controlling 
operation can be realized such that an operating point in the semiconductor laser 401 corresponds to the 
,40 optical frequency corresponding to the maximum value of the optical frequency discriminating characteris- 
tics In the Fabry-Perot interferometer 405. 

Hgure 33 Is a block diagram of.a nineth embodiment of present invention. In Figure 33, the Identical 
numbers to those assigned to the eighth embodiment as shown in Figure 30 mean the same functions. 

In the nineth embodiment, like in the eighth embodiment, the stabilization control on an operating point 
45 of the semiconductor laser 401 is performed by the controlling operation using the reflected light B1 from a 
Fabry-Perot Interferomater 505. The difference between the embodiments in Flg.30 and Rg.33 Is that the 
Fabry-Perot interferometer 505 in the nineth embodiment is provided internally with a X/4 plate 518 not with 
a polarizer, and a polarizer 519 is adopted between the Fabry-Perot Interferometer 505 and the optical 
receiver 412. 

50 The above described X/4 plate 518 is arranged such that its main axis makes an angle of 7r/4 degrees 
with the polarization direction of the incident light H30 as shown in Fig.34A. Accordingly, every time laser 
light traverses in the interferometer 505, the polarization direction of the reflected light changes alternately 
between in the perpendicular and horizontal directions to the polarization direction of the incident light H30. 
The polarizer 519 is arranged such that its main axis makes an angle of Z2 degrees with the main axis 
55 of X/4 plate 518 as shown in Fig.34D. 

The stabilization control on an operating point of the semiconductor laser 401 in the nineth embodiment 
in the above configuration is explained as follows. 

Rrst, the reflected light B1 reflected in the direction of the half mirror 404 from the Fabry-Perot 
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According to the above expressions (1) - (6). the output EL33 of the subtracter 410 shown in expression 
(5) show the maxinnum value e i = ir/4, thus resulting in 01 =0, 7t/2 indicating the value of 0. On the other 
hand, the output EL4 of the optical receiver 412 obtained in the expression (6) shows the maxinnum value 
when t> 1 = 0. thus resulting in 9 1 = u/2 indicating the value of 0. The above EL33 and EL34 never 
depend on eZ. As shown in Figure 31 C, by arranging the main axes of the X/4 plate 406 and the polarizer 
407 to make an angle of degrees, the information of the phase difference between the XI and Y1 
components of the light B1 reflected in the direction of the Fabry-Perot interferometer 405 to the half mirror 
404 can be extracted as the output EL33 of the subtracter 410 shown in expression (5). That is, assuming 
that the phase difference between the XI and Y1 components is 

E3 = B • sin <> (7) 



whore B shows a constant. 

The phase difference ^ shows 0 at the maximum value of the output EL34 of the optica! receiver 412, 

75 and IT at the minimum value. Therefore, the maximum and minimum points at the output EL34 corresponds 
to the zero point of the output EL33. 

The above described characteristics are represented as follows. In expression (1), assuming that the 
index of retraction is n = 1.5: the free spectral range of the Fabry-Perot interferometer 405 (corresponding to 
the optical frequency interval between maximum points in the optical frequency discriminating characteris- 

20 tics) is c.'2nL = 15GHz (c means the speed of light); the reflectance at the half mirror 404 is R = 0.9 (90%) 
and 6 1 = w 8 to calculate each optical frequency using the output EL33 of the subtracter 410 obtained in 
expression (5) and the output EL34 of the optical receiver 412 obtained in expression (6), the optical 
frequency characteristics can be obtained as shown in Fig. 32A and 328. 

The optical frequency characteristics of the output EL34 of the optical receiver 412 shown in Rg. 328 

25 are the optical frequency discriminating characteristics of the Fabry-Perot interferometer 405 shown in 
Fig.30. Therefore, as shown in Fig. 32A and 32B. the maximum point of the optical frequency discriminating 
characteristics of the Fabry-F'erot Interferometer 405 corresponds to the zero point of the optical frequency 
characteristics of the output EL33 of the subtracter 410. 

According to the fact as derived above. The negative feedback unit 41 1 applies negative feedback to 

30 the bias unit 403 according to the output EL33 of the subtracter 410 to realize the controlling operation such 
that an operating point in the .semiconductor laser 401 constantly corresponds to the optical frequency 
corresponding to the maximum value of the optical frequency discriminating characteristics in the Fabry- 
Perot Interferometer 405. 

In this case, as indicated by the optical frequency characteristics shown In ng.32, the negative 
35 feedback unit 41 1 applies negative feedback to the bias unit 403 to reduce the central optical frequency of 
the laser light in the semiconductor laser 401 when the output EL33 of the subtracter 410 shows straight 
polarity, that is, to reduce the bias cunrent In the bias unit 403. On the other hand, when EL33 shows 
negative polarity, it applies negative feedback to increase the central optical frequency. Thus, the controlling 
operation can be realized such that an operating point in the semiconductor laser 401 corresponds to the 
40 optical frequency corresponding to the maximum value of the optical frequency discriminating characteris- 
tics in the Fabry-Perot Interferometer 405. . • ^ 

■ Rgure 33 is a block diagram .of. a nineth embodiment of tf^e present Invention. In Figure 33, the identical 
numbers to those assigned to the eighth embodiment as shown in Figure 30 mean the same functions. 

In the nineth embodiment, like in the eighth embodiment, the stabilization control on an operating point 
45 of the semiconductor laser 401 is performed by the controlling operation using the reflected light B1 from a 
Fabry-Perot Interferometer 505. The difference between the embodiments In Rg.30 and Rg.33 Is that the 
Fabry-Perot interferometer 505 in the nineth embodiment is provided Internally with a X/'4 plate 518 not with 
a polarizer, and a polarizer 519 is adopted between the Fabry-Perot interferometer 505 and the optical 
receiver 412. 

50 The above described x/4 plate 518 is arranged such that its main axis makes an angle of ir/4 degrees 
with the polarization direction of the incident light H30 as shown In Flg.34A. Accordingly, every time laser 
. light traverses in the interferometer 505, the polarization direction of the reflected light changes alternately 
between in the perpendicular and horizontal directions to the polarization direction of the incident light H30, 
The polarizer 519 is arranged such that its main axis makes an angle of Z2 degrees with the main axis 
55 of X/4 plate 518 as shown in Rg.34D- 

The stabilization control on an operating point of the semiconductor laser 401 in the nineth embodiment 
In the above configuration is explained as follows. 

First, the reflected tight Bl reflected in the direction of the half mirror 404 from the Fabry-Perot 
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35 



interferometer 505 using the X/4 plate 518 arranged such tha* its main axis makes an angle of Tr/4 degrees 
with the polarization direction of the incident light H30 in the Fabry-Perot interferometer 505 contains XO 
component in the equa! direction of the polarization direction of the incident light H30 and YO component in 
the perpendicular direction to the polarization direction of the incident light H30. 
The reflected light B1 can be obtained as follows: 



R'^' ■ ll-R •ex5.(2 \ 6) ] , , \\ 

0 « ■■ — • (A • cxp( 1 0) I ) 1 

(l-R) • R'"* • cxp(i 5) , x ^ 

Yi— — • (A -cxpCiWl-)) 

1 -R' • cxp(2 iff) 
4 « n L 



20 where: 

A'.e>cp(i oi t) : transmitted light passing through the half mirror 404 when A.exp(i <d t) is the Incident light 

H30 

R: reflectance at the half mirror 404 
n: index of refraction of the X/4 plate 518 
25 L: length of the resonator of the Fabry-Perot Interfero mater 505 
: wave length or the incident light H30 

Next, when the polarization direction of the reflected light B1 makes an angle of Z1 degrees with the 
main axis of the X/4 plate 406 as shown in Figure 34B, the output light (containing X2 and Y2 components)- 
from the X/4 plate 406 can be obtained as follows: 

30 

X2-X0' -cosd 1) -l-YO' -sinCil) \ ..... (?; 
Y2 — XO -sinCi 1) -l-YO -cpsCZl) 

where: 

XO' and YO': signals represented with exp(i ta t) in XO and YO in expression (8) substituted by 
40 exp {i(a>t + w/2)}. 

Further, as the main axes of the X/4 plate 406 . and the polarizer ^107 make an angle of it/4 to each other 
as shown in Fig.34C, each output light B3 (containing X3 and Y3 components) from the polarizer 407 to the 
optical receivers 408 and 409 can be obtained by expression (3) described in the explanation of the eighth 
45 embodiment as follows: 



X3-X 
so Y3 



X2 -cosCw/n) -Y2 ■cos(?i/4) 1 (3^ 

X 2 • sh^{t/A > -1-Y 2 • sln(x//l ) J 



Thus, the output EL31 of the optical receiver 408, the output EL32.of the optical receiver 409, and the 
output EL33 of the subtracter 410 can be obtained by expressions (4) and (5) described in the explanation 
55 of the eighth embodiment as follows: 
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El - (X3UX3*) I • • • • f4-; 

5 

E3 = (X3)(X3*) -(Y3)(Y3*) (5) ■ 

On the other hand, in the direction of the polarizer 519 from the Fabry-Perot interferometer 505, 
ro interference light B5-1 resonating in the interferometer 505. comprising clockwise polanzatton to the 
•polarization direction of the incident light H30 and obtained by the following expression (10). and 
interference light B5-2 comprising counterclockwise polarization and obtained by the following expression 
(11) are outputted. 



^5 1 - n 

X 1^ • (A' 'cxp I i (^i;L-!-7c/2) ) ) 



Yl- ^ ^- • (A' -cxpCiojL)) -sinCTt/^l) 



25 



30 



35 



40 



45 



00) 



XI 



Y 1 



1 -R» • exp(2 i 6) 

R • (1-R) -expCi 6) J. («t + 3»c/2) } )] 

I -R* • ej(r>(2 i 6) 
ccisCji/ 4 ) 

R- (l-R) -expCW) -siuCrt/O^ 
1-R* • cxp(2 i S ) 



(ii; 



50 



55 



■nierefore, the interference light applied to the polarizer 519 shown in Figure 33 can be obtained by 
adding the interference light B5-1 obtained by expression (10) and the interference light B5-2 °b^"ed by 
expression (11) separately for XI component and Yl co-nponent. Assuming that^ components of . me 
resultant light are XI and Y1 respectively, light B6 (containing X4 and Y4 components) passing through the 
polarizer 519 can be obtained as follows: 

X/l=X 1 • COSC2 2) +Y 1 sinClZ) ^ (J 2) 

Y4^ XI •sin(Z2) +Y1 -005(22) 

where assuming that the Y4 component is received by the optical receiver 412 in two components X4 
and Y4 of the output light B6 from the polarizer 519, the output EL34 of the optical receiver 412 can be 
obtained as follows: 

EL34 = (YIXYI*) (13) 

According to the above expressions (3), (4), (5). (8), (9). and (13). the output EL33 of the subtracter 410 
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shown in Fig. 33 and represented in expression (5) indicates the maxinnum value when the nnain axis of the 
x/4 plate 518 makes an angle of ■jr/4 degrees with the polarization direction of the incident light H30 as 
shown in Figure 34A. Neither the EL33 nor the EL34 exists for the angle of Z1. The information of the phase 
difference between XO and YO components in the reflected light B1 reflected in the half mirror 404 from the 
- 5 Fabry-Perot inlerferomeler 505 represented in expression <8) can be extracted as the output EL33 of the 
subtracter 410 represented in expression (5) by arranging the X/4 plate 406 and the polarizer 407 such that 
their main axes makes an angle of ttM degrees to each other as shown in Figure 34C. 

That is, assuming that the phase difference between XO and YO components is <p, the following 
expression exists: 

10 

EL33 B • sin « (7) 

where B shows a constant. The phase difference indicates 0 at the maximum point and n- at the 
minimum point of the output EL34 of the optical receiver 412, in expression (8), like In the eighth 
15 embodiment. Therefore, the maximum or minimum point of the output EL34 corresponds to zero point of 
the output EL33. 

Assuming that the index of refraction is n = 1 .5; the free spectral range of the Fabry-Perot interferometer 
505 is c/2nL= l5GHz (c means the speed of light); the reflectance at the half mirror 404 Is R = 0.9 (90%) 
and Z2 = 0 to calculate each optical frequency using the output EL33 of the subtracter 410 obtained in 
20 expression (5) and the output EL34 of the optical receiver 412 obtained in expression (13), the optical 
frequency .charactRristir:s can be obtained as shown in Figures 35A and 35B. 

As a result, as shown in Figure 32 relating to the eighth embodiment, the maximum point of the optical 
frequency discriminating characteristics of the Fabry-Perot interferometer 505 corresponds to the zero point 
of the optical frequency characteristics of the output EL33 of the subtracter 410. Therefore, like in the eighth 
25 embodiment, the negative feedback unit 411 applies negative feedback to the bias unit 403 according to the 
output E3 of the subtracter 4 TO. thereby realizing the stabilization control on an operating point of the 
semiconductor laser 401. ■ ■ 

In this case, as indicated by the optical frequency, characteristics shown in Rgure 35A, like in the eighth 
embodiment, the negative feedback unit 41 1 applies negative feedback to the bias unit 403 to reduce the 
30 central optical frequency of the laser light in the semiconductor laser 401 when the output EL33 of the 
subtracter 410 shows straight polarity,, that is, to reduce the bias current in the bias unit 403. On the other 
hand, when EL33 shows negative polarity, it applies negative feedback to increase the central optical 
frequency. 

In the above described eighth embodiment, as shown in Figure 32A, when the negative feedback unit 

35 41 1 applies negative feedback to the bias unit 403 according to the output EL33, the value of the output 
EL33 gets closer to zero as an operating point of the semiconductor laser 401 reaches as closely as 
possible to the central point of the optical frequency between the adjacent maximum points. Therefore, it 
becomes more difficult to converge stably to the target maximum point of the above described operating 
point when the operating point gets the closer to the above mentioned central point, and there is a 

40 possibility that the operating point may be converged to the adjacent maximum point. Conversely, in the 
nineth ennbodiment as shown in Figure 35A, the value of the output EL33 shows a relatively large numeral 
■ having reversed polarity from, the centraj frequency point toward bqth ends. Therefore, the operating point 
can be stably converged to the target maximum point even though the operating point gets the closer to the 
above described central point. 

45 Thus, the nineth embodiment can reserve a larger lock-in-range of an operating point of the semicon- 
ductor laser 401 than the eighth embodiment. 

As described above, the controlling operation in the nineth embodiment can be realized such that an 
operating point of the semiconductor laser 401 corresponds to the optical frequency corresponding to the 
maximum value of the optical frequency discriminating characteristics in the Fabry-Perot interferometer 505. 

50 Next, Fig. 36 is a block diagram of a tenth embodiment of the present invention. The embodiment has 
an extended configuration of the eighth configuration shown In Rgure 30 to allowing an FDM transmission 
system or a plurality processes of transmission at the same optical frequency. 

In Figure 36, a semiconductor laser 601 and optical receivers 606. 607, 608, and 609 correspond 
respectively to 401, 408. 409, 412, and 414 shown in the eighth embodiment shown In Figure 30. 

55 The tenth embodiment shown in Fig. 36 is different from the eighth embodiment shown in Fig. 30 in the 
point that It comprises a plurality #1 - #n of the semiconductor lasers 601 and the optical receivers 606, 
607, 608, and 609 because a plurality of central optical frequencies are required in the FDM transmission 
system. In this configuration, a plurality #1 - #n of lines of transmission data are multiplexed and 
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transmitted. 

On the other hand, each of a half mirror 602, a Fabry-Perot interferometer 603 applied with a polarizer 
612 internally and mirror coating 610 and 611 on both sides, a X/4 plate 604. and a polarizer 605 are 
provided as in the case of the eighth emtKidiment shown in Figure 30. Each backward light from each 
semiconductor laser 601 (#1 • #n) is spatially divided by n strings of optical fiber, thereby performing an 
optical treatment for each backward light using a set of above described optical system like in the case of 
the eighth embodiment. 

Though skipped in Rgure 36, n units each of devices corresponding to the data modulator 402. bias 
unit 403. subtracter 410, negative feedback unit 411. comparator 413. and APC controller 415 of the eighth 
embodiment shown in Rgure 30 are provided. 

In the above configuration, without the low frequency modulating operation using a low frequency 
oscillator or the synchronous detecting operation using a synchronous detecting circuit, each operating 
point of each laser light (central optical frequency) of each semiconductor laser 601 can be set at n points 
of maximum values at equal intervals in one optical frequency characteristics using one unit of the Fabry- 
Pcrot interferometer 603, or all laser light operation can be synchronized to one maximum value. This 
technology can be applicable to the operation of the interferometer in the nineth embodiment. 

The above described automatic frequency control (AFC) enables the stabilization of the optical 
frequency deviation to a predetermined value for each laser light of each semiconductor laser 601. 

Finally. Figure 37 shows a block diagram of a eleventh embodiment of the present invention. In Figure 
37. a*i parts assingned the same numbers as those assigned to the tenth embodiment shown in Rgure 36 
hAv.- thn same functions respectively. 

This embodiment has an extended configuration of the ninth embodiment shown in Figure 33 for use in 
thfi FOM transmission system or in a plurality of transmission processes at the same optical frequency. 

■ The eleventh embodiment is different from the tenth embodiment in the point that the polarizer 612 is 
repiacoc with the X/4 plate 712 in the Fabry-Perot interferometer 703. and that a plurality #1 = #n of 
polarizers 713 are provided between the Fabry-Perot interferometer 703 and a plurality #1 - #n on optical 
receiver 608. In the eleventh embodiment, like in the theth embodiment, transmission data of a plurality #1 - 
*fn of transmission lines are multiplexed and transmitted. 

Claims 

1. An optical frequency deviation measure and control device for a laser light for measuring and 
controlling the deviations of the optical frequency of a laser light source emitting light subjected to 
frequency or phase modulation according to an inputted modulation signal, said device comprising: 

a light interference means responsive to laser light subjected to frequency or phase modulation 
according to inputted data, for outputting interference light dependent on optical frequency dis- 
criminating characteristics; 

an optical receiving means responsive to said interference light for converting light intensity to an 
electrical signal; 

an operating point stabilizing means responsive to said electrical signal for causing an operating 
point of said laser light to correspond to the optical frequency corresponding to the .maximum or 
minimum value of said optical frequency discriminating characteristics; and 

an optical frequency deviation measuring means for detecting the deviation of an optical frequency 
from an average value of light intensity of said interference light obtained from an electrical signal from 
said optical receiving means under the stabilization control of an operating point of said laser light by 
said operating point stabilizing means; or an optical frequency deviation stabilizing means for calculat- 
ing an error value between said average value and a predetermined value and feeding back said error 
value to the modulation factor of said laser light. 

2- An optical frequency deviation "measure and control device for laser light according to Claim 1. wherein 
said operating point stabilizing means comprises: 

an operating point detecting means for detecting the difference between the maximum or minimum 
value of frequency discriminating characteristics and an operating point of said laser light based on the 
electrical signal provided by said optical receiving means; and 

an operating point controlling means for applying feedback to the oscillation frequency of said laser 
light or the interference characteristics of said light interference means such that the operating point of 
said laser light con-esponds to the optical frequency corresponding to the maximum or minimum value 
of said optical frequency discriminating characteristics based on to the output of said operating point 
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detecting means. 

3. An optical frequency deviation nneasure and control device for laser light according to Claim 2, wherein 

said operating point detecting means comprises: 
5 a low frequency oscillating means for modifying the oscillation frequency of said laser light or the 

interference characteristics of said light interference means in a low frequency; and 

a synchronous detecting means for performing synchronous detection based on the oscillation 
output from said low frequency oscillating means and the electrical signal from said optica! receiving 
means. 

10 

4. An optical frequency deviation measure and control device for laser light according to Claim 2, vvherein 

said operating point controlling means modifies a bias or temperature of a laser generating said 
laser light to" vary the oscillation frequency of said laser light; or modifies a bias or temperature of said 
light interference means to vary the optical frequency discriminating characteristics such that the 
75 operating point of said laser light corresponds to the optical frequency corresponding to the maximum 

or minimum value of said optica! frequency discriminating characteristics based on a synchronous 
detecting signal from said operating point detecting means, 

5. An optical frequency deviation measure and control device for laser light according to Claim 4, wherein 
20 When an oscillation frequency of said laser light is modified by said low frequency oscillating 

means, the variable width of the oscillation frequency is controlled by said error value obtained by said 
optical frequency deviation measuring means. 

6. An optical frequency deviation measure and control device for laser light according to Claim 2, wherein 
25 said operating point controlling means performs automatic frequency control on said laser light by 

applying bias or temperature feed back to the laser generating said laser light. 

7. An optical frequency deviation measure and control device for laser light according to Claim 1 , wherein 

said laser light comprises a plurality of laser lights; 
30 said light interference means outputs an interference light in response to each of said laser lights; 

said optica! receiving means, responsive to each of said interference light converts each light 
intensity to an electrical signal; 

said operating point detecting means modifies the oscillation frequency of each of said laser light 
by varying the bias or temperature of each laser generating each of said laser light and performs 
35 synchronous detection of an electrical signal corresponding to each of said laser light; 

said operating point controlling means controls the bias or temperature of each laser generating 
each of said laser light such that each operating point of each said laser light corresponds to various 
maximum or minimum values of said optica! frequency discriminating characteristics based on the 
detection results of said operating point detecting means; and 
40 said optical frequency deviation measuring means measures the deviation of the optical frequency 

of each laser light from an average value of light intensities of each of said interference light obtained 
■ from each electrical signal provided by said optical receiving means; 

said optical frequency deviation stabilizing means calculates each error value between said average 
value and a predetermined value, and feeds back each of said error value to the modulation factor of 
45 each of said laser light. 

8. An optical frequency deviation measure and control device for laser light according to Claim 1 , wherein 

said laser light comprise a plurality of laser lights; 

said light interference means outputs an interference light in response to each of said laser light; 

50 said optical receiving means responsive to each of said interference light converts each light 

intensity to an electrical signal; 

said operating point detecting means modifies the interference characteristics of said light interfer- 
ence means by varying the bias or temperature of said light interference means, and performs a 
synchronous detection of the electrical signal corresponding to each of said laser light; 

55 said operating point controlling means controls a bias or temperature of each laser generating each 

of said laser light such that each operating point of each of said laser light corresponds to various 
maximum or minimum values of said optical frequency discriminating characteristics based on the 
detection results of said operating point detecting means; and 
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said optical frequency deviation measuring means measures the deviation of the optical frequency 
of each laser light from an average value of light intensities of each of said interference light obtained 
from each electrical signal provided by said optical receiving means; 

said optical frequency deviation stabilizing means calculates each error value between said average 
value and a predetermined value, and feeds back each of said error value to the modulation factor of 
each of said laser light. 

9. An optical frequency deviation measure and control device for laser light according to Claim 8, wherein 

said light interference means parallelly responsive to each of said spatially divided laser light 
outputs each of corresponding interference light; and 

said optical receiving means comprises a plurality of. optical receiving means parallelly responsive 
to each of said interference light parallelly outputted by said light interference means for converting 
each light's intensity to an electrical signal in a parallel manner. 

10. An optical frequency deviation measure and control device for laser light according to any one of 
Claims 7 or 8, wherein 

said operating point detecting means, said operating point controlling means, and said optical 
frequency deviation stabilizing means perfonm controlling operation in response to each of said laser 
light according to each electrical signal provided by a plurality of said optical receiving means in a time 
divisional manner. 

11. An optical frequency deviation measure and control device for laser light according to Claim 1, wherein 

said light interference means outputs two types of interference light, each having complementary 
optical frequency discriminating characteristics; 

said optical receiving means comprises two units of optical receiving means responsive to each of 
said interference light for converting each light intensity to an electrical signal; and 

said operating point stabilizing means and said optical frequency deviation measuring means or 
said optical frequency deviation stabilizing means are controlled by a difference signal of each 
electrical signals provided by each of said optical receiving means. 

1Z An optical frequency deviation measure and control device for a laser light according to any of Claim 1, 
wherein 

said light interference means outputs two types of interference light each having complementary 
optical frequency discriminating characteristics; 

said optical receiving means comprises two units of optical receiving means responsive to each of 
said interference light for converting each light intensity to an electrical signal; and 

an automatic light output controlling means is provided for feeding back the oscillation output of 
said laser light such that the oscillation output of said laser light is measured or stabilized to a 
predetermined value according to a sum signal of electrical signal of electrical signals provided by each 
of said optical receiving means. 

13. An optical frequency deviation measure and control meanp for laser light according to Claim 2. wherein 

a marking rate motoring means measures a mark rate of said' inputted data; and 

a mark rate obtained by said marking rate monitoring means is fed back to said operating point 

stabilizing means and said optical frequency deviation measuring means or said optical frequency 

deviation stabilizing means. 

14. An optical frequency deviation measure and control device for a laser light which measures an optical 
frequency deviation of a semiconductor laser producing light frequency-modulated or phase-modulated 
with an input modulating signal or controls the optical frequency deviation, comprising: 

interferometer means responsive to application of output light from said semiconductor laser for 
outputting interference light depending on its optical frequency discriminating characteristic; 

optical receiver means responsive to application of said interference light for converting its light 
intensity to an electric signal; 

operating point setting means responsive to application of said electric signal for setting an 
operating point of said interferometer to correspond to an optical frequency corresponding to a 
maximum value or a minimum value of said optical frequency discriminating characteristic; and 

optical frequency deviation detecting means for extracting a (ow-frequency component of the 
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average light output intensity of said interference light which has been low-frequency modulated 
beforehand at said operating point by means of a synchronous detection and detecting an optical 
frequency deviation. 

5 15. A device according to claim 14, in which said operating point selling means receives two complemen- 
tary interference light components output from said interferometer by the use of two optical receivers 
and uses a difference component of output signals of said optical receivers as an operating point 
detecting signal and a sum component of the output signals of said optical receivers as a tight output 
detecting signal for detecting light output of said semiconductor laser. 

16. A device according to claim 14, in which said operating point setting means uses a sum component of 
output signals of said optical receivers as a light output detecting signal of said semiconductor laser 
and a difference signal between said light output detecting signal and a set value is fed back to a bias 
or temperature of said semiconductor laser to thereby perform stabilization of . a light output of said 

75 semiconductor laser. 

17. A device according to claim 15, in which said operating point setting means uses a difference 
component of output signals of said optical receivers as an operating point detecting signal, and the 
operating point detecting signal is fed back to a bias or temperature of said semiconductor laser to 

20 thereby perform stabilization of the operating point and the oscillation frequency of said semiconductor 
laser. ^ 

* 18. A device according to claim 15, in which said operating point setting means uses a difference 
component of output signals of said optical receivers as an operating point detecting signal and the 
25 operating point detecting signal is fed back to a bias or temperature of said Interferometer to thereby 
perform stabilization of the operating point. 

19. A device according to claim 14, in which said optical frequency deviation detecting means feeds a 
modulation signal for synchronous detection back to a bias or temperature of said interferometer. 

30 

20. A device according to claim 14, Jn which said optical frequency deviation detecting means feeds a 
modulation signal for synchronous detection back to a bias or temperature of said semiconductor laser. 

21. A device according to claim 20, in which said optical frequency deviation detecting means feeds a 
35 modulation signal for a synchronous detection back to a bias or temperature of said semiconductor 

laser and feeds an optical frequency deviation detecting signal back to a modulation amplitude of the 
modulation signal, whereby an optical frequency deviation of an optical FM modulation by the 
modulation signal is kept constant and said optical frequency deviation detecting means is not affected 
by the variation efficiency of said semiconductor laser. 

40 

22. A device according to cjaim 14, further comprising a nriark rate monitoring means for feeding a mark, 
rate monitoring signal back to said optical frequency deviation detecting means so that it Is not affected 
by a variation in mark rate in an input modulation signal; 

45 23. An optical frequency deviation measure and control device for a laser light which measures an optical 
frequency deviation of a semiconductor laser producing light frequency-modulated or phase-modulated 
with an input modulating signal or controls the optical frequency deviation, comprising: 

interferometer means responsive to application of an output light from said semiconductor laser for 
outputting an interference light depending on its optical frequency discriminating characteristic; 
50 optical receiver means responsive to an application of said interference light for converting its light 

intensity to an electric signal; 

operating point setting means for detecting the operating point of said interferometer by extracting 
a low-frequency signal of said interference light which is low-frequency modulated by a bias of said 
semiconductor laser from said electric signal by means of synchronous detection and setting said 
55 operating point to correspond to an optical frequency corresponding to a maximum value or. a minimum 

value of said optical frequency discriminating characteristic; and 

optical frequency deviation detecting means for extracting a low-frequency signal component 
produced at said operating point by means of synchronous detection and detecting an optical 
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frequency deviation. 

24. A device according to claim 23, ir. which two complementary interference light components output from 
said interferometer means are received by optical receivers and an operating point detecting signal and 

5 an optical frequency deviation detecting signal are extracted from a difference component of output 

signals of said receivers. 

25. A device according to claim 23, in which two complementary Interference light components output from 
said interferometer means are received by optical receivers, and a sum component of output signals of 

70 said receivers Is used as a light output detecting signal of said semiconductor laser. 

26. A device according to claim 25, in which a sum component of output signals of said receivers is used 
as a light output detecting signal of said semiconductor laser, and the light output detecting signal is 
fed back to a bias of said semiconductor laser to thereby perform stabilization of light output of said 

75 semiconductor laser. 

27. A device according to claim 24, in which a difference component of output signals of said receivers is 
used as an operating point detecting signal, and the operating point detecting signal is fed back to a 
bias or temperature of said semiconductor laser to thereby perform stabilization of the operating point 

20 and oscillation frequency of said semiconductor laser. 

28. A device according to claim 24. in which a difference component of output signals of said receivers is 
used as an operating point detecting signal, and the operating point detecting signal is fed back to a 
bias or temperature of said interferometer to thereby perform stabilization of the operating point. 

25 

29. A device according to claim 23, in which said operating point setting means superimposes a 
modulation signal for synchronous detection on a bias or temperature of said semiconductor laser. 

30. A device according to claim 23, in which said operating point setting means superimposes modulation 
30 signals for synchronous detection on two or more semiconductor lasers to thereby perform stabilization 

control of an optical frequency and an optical frequency deviation on said semiconductor lasers in 
optical frequency-division rinultiplex transmission. 

31. A device according to claim 30, in which said operating point setting means superimposes modulation 
35 signals for synchronous detection on two or more semiconductor laser in sequence to thereby perform 

stabilization control of optical frequency and optical frequency control on said semiconductor lasers. 

3Z A device according to claim 30, in which said operating point setting means superimposes modulation 
signals of different frequencies for synchronous detection on two or more semiconductor lasers to 
40 thereby perform simultaneous stabilization control of optical frequency and optical frequency control on 
said semiconductor lasers in a total manner. 

■* . - ■ 

33^ A device according to claim 23, in which said operating point setting means superimposes a 
modulation signal for synchronous detection on a bias of said semiconductor laser and feeds an optical 
45 frequency deviation detecting signal back to modulation amplitude of the modulation signal, whereby an 
optical frequency deviation of optical FM modulation by the modulation signal is kept constant and said 
operating point setting means and said optical frequency deviation detecting means is not affected by 
the modulation efficiency of said semiconductor laser. 

50 34. A device according to claim 23. in which said operating point setting means superimposes a 
modulation signal for synchronous detection on a bias or temperature of said interferometer 

35. A device according to claim 23, further comprising mark rate monitor means for feeding a mark rate 
monitor signal back to said operating point setting means and said optical frequency deviation 

65 detecting means so that they are not affected by a variation in mark rate in a signal to be transmitted. 

36. A device according to claim 23, in which said optical frequency deviatiori detecting means exti-acts a 
signal whose frequency is twice that of the low-frequency signal of said interference light which has 
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An opucal frequency deviation measure and control device for a laser light for measuring and 
contro ing the deviation of optical frequency of a laser light source emitting light subject to frequency 
or phase modulation according to an inputted modulation signal, said device comprising- 
^n/? "^^^"^ responsive to the laser light subjected to frequency or phase 

modu ation according to input data and provided internally with a first polarizer for outputting interfer- 
ence light dependent on optical frequency discriminating characteristics- 
70 a first >./4 plate and second polarizer sequentially arranged responsive to reflected light from said 

interference means; 

a first and second optical receiving means responsive to two types of light from said second 
polarizer for converting each light intensity to an electrical signal: 

h J f^-- aPP'y*"9 feedback, according to the information obtained by the difference 

be^veen elec rical signals of said first and second optical receiving means, to the oscillating frequency 
of said laser l.gh or to the Interference characteristics of said optical interference means such that an 
operating point of said laser light corresponds to the optical frequency corresponding to the maximum 
or minimum value of said optical frequency characteristics; 

in ^ ^^'Z- .^^f '^'"9 means responsive to transmitied light from said optical interference means 

20 for converting the light intensity to an electncal signal; 

ari optical frequency deviation measuring means for detecting the deviation of optical frequency 
from an average value of light intensity of said transmitted light obtained according to an electrical 

^Tr^nfT'^f '''''' '^"^'^'"9 "^^^"^ '"^'"9 stabilization control of an operating 

point of said laser light by said feedback means: and 

an optical frequency deviation stabilizing means for calculating the difference between said averaqe 
value and a predetermined value to feedback said difference to the modulation factor of said laser light. 

38. A modulation control device for a semiconductor laser according to Claim 37. wherein 
said laser light is a plurality of laser light; 

said optical interference means outputs interference light in response to each of said laser light- 
said first X,^4 plate and seconcl polarizer receives each of reflected light corresponding to each of 
said laser light from said optical interference means; 
^said first and second optical receiving means respectively receive light corresponding to each of 

Zct^a\ sTgna' "^'"^ ^'^"'^^ ""^^ "9'* *° ^ 

tho ^^^'^ performs automatic frequency control of each of said laser light by controlling 

the bias of each laser generating each of said laser light or the temperature, according to the 
information obtained by the difference between electrical signals provided by said first and second 
optical receiving means, such that an operating point of each of said laser light corresponds to the 
maximum or minimum value of optical frequency discriminating characteristics- 

,^sa.d third optical receiving nneans receives transmitted light corresponding to each of said laser 
light from said optical interference means and converts each light intensity to an electrical signal- 

said optical frequency deviation measuring means measures the deviation of optical frequency 
from an average value of light intensity of each of said transmitted light obtained according to each of 
electrical signals provided by said third optical receiving means; and 

sad optica! frequency stabilizing means calculates each of differences between said average value 
said li^erlgm'"^'' ""^'"^ ^""^ ^^^"^^ ^^""^ ^^""^ °^ ^^'"^ differences to the modulation factor of each of 

50 39, ^ °P[*<^a' frequency deviation measure and control device for a laser light for measuring and 
controlling the deviaton of optical frequency of a laser light source emitting light subject to frequency 
or phase modulation according to an inputted modulation signal, said device comprising- 

an optical interference means responsive to laser light subjected to frequency or phase modulation 
according to input data and internally provided with a second X/4 plate for outputting interference light 
dependent on optical frequency discriminating characteristics; 

a first \J4 plate and second polarizer sequentially arranged in response to reflected light from said 
optical interference means; 

a first and second optical receiving means for converting each of light intensity to an electrical 
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signal in response to each of two types of tight fror.i said second polarizer; 

a feedback means for applying feedback, according to the information obtained by the difference 
between electrical signals of said first and second optical receiving means, to the oscillating frequency 
of said laser light or to the interference characteristics of said optical interference means such that an 
5 operating point of said laser light corresponds to the optical frequency corresponding to the nnaximum 

or minimum value of said optical frequency characteristics; 

a third polarizer responsive to transmitted light from said light interference means; 

a third optical receiving means for converting light intensity to an electrical signal In response to at 
least one type of light from said third polarizer; 
70. an optical frequency deviation measuring means" for detecting the deviation of optical frequency 

from an average value of light intensity of said transmitted light obtained according to an electrical 
signal provided by said third optical receiving means during the stabilization control of an operating 
point of said laser light by said feedback means; and 

an optical frequency deviation stabilizing means for calculating the difference between said average 
75 value and a predetermined value to feedback said difference to the modulation factor of said laser light. 

40. A modulation control- device for a semiconductor laser according to Claim 39, wherein 
said laser light is a plurality of laser light; 

said light Interference means outputs Interference light in response to each of said laser light; 
20 said first x/4 and second polarizer receive each of reflected light corresponding to each of said 

laser light from said light interference means; 

said first and second optical receiving means receive light corresponding to two types of each of 
laser light from said second polarizer and convert each light intensity to an electrical signal; 

said feedback means performs automatic frequency control of each of said laser light by controlling 
25 the bias of each laser generating each of said laser light or the temperature, according to the 
information obtained by the difference between electrical signals provided by said first and second 
optical receiving moans, such that an operating point of each of said laser light corresponds to the 
maximum or minimum value of optical frequency discriminating characteristics; 

and third polarizer receives each of transmitted light corresponding to each of said laser light from 
30 said light interference means; 

said third optical receiving means receives light corresponding to at least one type of each of sard 
laser light from said third polarizer and converts each light Intensity to an electrical signal; 

said optical frequency deviation measuring means measures the deviation of optical frequency 
from an average value of light intensity of each of said transmitted light obtained according to each of 
35 electrical signals provided by said third optical receiving means; and 

said optical frequency stabilizing means calculates each of differences between said average value 
and predetermined value and feeds back each of said differences to the modulation factor of each of 
said laser tight. 

40 41. An optical frequency deviation measure and control device for a laser light according to Claims 40 
comprising: 

an automatic light output control means for applying feedback to the oscillating output of said, laser 
light according to a part of said laser light or an electrical signal provided by said third optical receiving 
means such that the oscillating output of said laser tight can be stabilized to a predetermined value. 
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® The operating point is stabilized at the MAX or 
the MIN of Its optical frequency discriminating char- 
acteristic. Under the stabilized operating point, the 
detected difference between the average of the light 
intensity and a set value is fed back to a data 
modulator (11) so that the average value converges 
on a set value when a predetermined optical fre- 
quency deviation is produced. The operating point Is 
also stabilized at the MED of said characteristic. 
Under the stabilized operating point, a low-frequency 
signal component is extracted from an electric signal 
output by means of synchronous detection. The op- 
erating point is stabilized at the MAX or the MIN of 
said characteristic. Under the stabilized operating 
point, a low-frequency signal component is twice in 
frequency by means of synchronous detection. In 
the fourth and fifth aspects, means such as synchro- 
nous detection is not required for the stabilization 
control of an operating point. 



OPERATING 


POINT 


SETTING 


UNIT 






B]&S 




OATA 




CIRCUIT 




UOGULATOR 





EL 










FUEOJENCY 


DCVrATtON 


j DETECTOR 



Din 

F i g. I 



Q. 
UJ 



Rank Xerox (UK) Business Seivices 

(-/2. 18/2. 11 



J) 



European P&tent 
OfHce 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



ApplicatiOD Number 



EP 91 11 6045 
Page 1 



Caseeorjr 



Cttadoo of document with uuiicadon, where appropriate, 
of relevant passages 



Refevant 
Co *^*'tTt 



CLASSin CATION OF THE 
APPUCATION ant- 0.5 ) 



PATEhfT ABSTRACTS OF JfiPAN 

vol. 4. no. 145 (E-29)14 October 1980 

& JP-A-55 095 384 ( NIPPON TELEGR. A TELEPH. 

CORP. ) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 13. no. 437 (£-826)29 September 1989 

& JP-A-1 164 135 ( FUJITSU LTD. ) 

* abstract * 

ELECTRONICS LETTERS. 

vol. 23, no. 5, 26 February 1987. STEVENAGE GB 
' pages 245 - 246; 

M. MMEYA ET AL. : 'Stabilisation of oscillation 
frequency of an AlGaAs/GoAs ridge waveguide 
distributed feedback laser' 

* the whole document * 

ELECTRONICS LETTERS. 

vol. 26. no. 6. 15 March 1990. STEVENAGE GB 
pages 405 - 406; 

M.S. NAKAMURA ET AL. : ' Frequency- stabi 1 1sed LO 
module with a z-cut quartz Fabry-Perot resonator 
for coherent communication*' 

* the whole document * 

EP-A-0 336 308 (CSELT CEMTRO STUDI E LABORATORI 
TELECOMtUNICAZIONI S.P.A. ) 

* column 4, Hne 35 - column 7, line 13; figures 
1,3 * 

-/-- 



The present seareb report has been drawn up for all claims 



1.2.4.6. 

14,16, 

23.37,39 



1, 14.23, 
37,39 



1,2,14, 
15.23, 
37,39.41 



1-4,6. 
14.19. 
23.34. 
37,39,41 



1.14.23, 

37,39 



GO 1 J 9/02 

H01S3/103 

H01S3/133 



TECHNICAL FIELDS 
SEARCHED (Inu CLS ) 



HOIS 
H04B 



THE HAGME 



DMA caaytaUu sf (ta 

10 MARCH 1992 



GNUGESSER H.M. 



CATEGORY OF CITED DOCUMENTS 

X : partlcuUriy relevant if taken alon* 

Y : partiailarly relevut if combined with another 

docmneat of the same cstegory 
A : teefaoolog^cal bacfcgnuiad 
O : DOD-writtcD disdosure 
P : fntcRBediate docnraent 



T : tbeoty or pHsdple tutdevlyiag the fovendon 
C : eailicr patat docuraent, but poUisbcd on, or 

tficr the fiU&g date 
D : doeumtBt dted in the ippUcatioa 
L : docoiaait dted for other reasons 

A : ntnbcT of the same paicat faialty, corre^nding 



XXriO- <EP 0A81242A3 t > 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



AppGcstioo Number 

EP 91 11 6045 
Page 2 



Category 



Citation of doctunent with indkaCioo, wfaox appropriate, 
of rctevant passages 



Rekvut 
to daiiB 



CLASSinCATION OF THE 
APPUCATION ant. a.5) 



PROCEEDINGS OF THE TENCON 87 (1987 IEEE REGION 
10 CONFERENCE ), AUGUST 28-29. 1987 
vol. 2. SEOUL, KOREA 
pages 739 - 743; 

VCiAW-HUE HONG ET AL. : •Simultaneously 
stabilisation of the frequency and output power 
of semiconductor laser for coherent optical 
fiber comnunlcatlon systems' 

* the whole document * 

ELECTRONICS LETTERS. 

vol. 23, no. 14. 2 July 1987, STEVEhWiE GB 
pages 750 - 751; 

B. GL/WCE ET AL. : 'Frequency stblllsatlon of FDM 
optical signals' 

* the whole document * 

JOURNAL OF LIGHTWAVE TECHNOLOGY 

vol. 5. no. 9. September 1987. NEW YORK, US 

pages 1301 - 1308; 

KIYOSHI NOSU ET AL. : 'Optical FDM transmission 
technique' 

* chapters I,IIIA,IIIO,IV; FIGURES 3,9-12; * 



1,14.23. 
37,39 



The present search report has been drawn up for alt daims 



8,14.23. 
30.37,39 



1.7.8, 
14.23. 
37.39.41 



TECHNICAL FIELDS 
SEARCHED (Int. 0.5 } 



PlSM of MVCk 

THE HAGUE 



Data »t oarpWx* «f Urn tamtk 
10 MARCH 1992 



GNUGESSER H.M. 



S 

i 

o 



CATEGORY OF OTED DOCUMENTS 

X : paitiodariy rdvvutt if taken alom 

y : partkulwly rdevut if auablned with anothCT 

document of tbe sune citegofy 
A : tecfanotogical backgrouod 
O : Doa-writtca 4isdosur« 
P : intcfinerfiate docnment 



T : tb«or7 or prladple un^trtjiag the tavesdoD 

E : earlier pttat tfoaiment, bot pabtisbed on, or 

' sft V the flltag date 

D : docomcat died In tbe appUcadoo 

L : docaaat dtad for oCbcr rasoas 

A : naber of tb« same patent faatfy, coireqiondkig 
docuiieot 



